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SUMMARY 
The aeropropulsive characterist ics of an advanced twin-engine fighter designed 
for supersonic cruise have been investigated in the Langley 16-Foot Transonic Tunnel.  
The objec t ives  of t h i s  i n v e s t i g a t i o n  were to  eva lua te  the following: (1) the  per- 
formance characteristics of advanced nonaxisymmetric nozzles installed in various 
nace l le  loca t ions ;  (2 )  the  e f fec ts  of  th rus t - induced  forces on o v e r a l l  aircraft aero- 
dynamics; (3 )  t r i m  c h a r a c t e r i s t i c s ;  and (4 )  thrust   reverser  performance. The major 
model variables included nozzle p o w e r  se t t ing ;  nozz le  duc t  aspec t  ra t io ;  forward ,  
mid, and a f t  nace l le  ax ia l  loca t ions ;  inboard  and outboard underwing nacelle loca- 
t i ons ;  and  underwing  and  overwing nacel le  locat ions.  Thrust-vector ing exhaust  nozzle  
configurations included a wedge nozzle,  a two-dimensional convergent-divergent 
(2-D C-D) nozzle, and a single-expansion ramp nozzle (SERN) , a l l  w i t h  de f l ec t ion  
angles up to 30°. In  addi t ion  to  the nonaxisynunetric nozzles, an axisymmetric nozzle 
i n s t a l l a t i o n  was a l so  t e s t ed .  The use of a canard for  t r i m  w a s  a l s o  assessed. 
The 2-D C-D nozzle,  SERN, and axisymmetric nozzle had comparable internal per- 
formance a t  s ta t ic  condi t ions.  The  wedge nozzle performance w a s  3 percent lower than 
the other  nozzles  tes ted.  Increasing duct a s p e c t  r a t i o  from 1 t o  4 did no t  s ign i f i -  
can t ly  a f fec t  the  in te rna l  per formance  of  e i ther  the wedge nozzle  or  the SEW. 
A t  zero l i f t ,  the  2-D C-D nozzle and SERN configurat ions had equal untrimmed 
drag-minus-thrust performance. The wedge nozzle configuration had poorer  perfor-  
mance because of l o w  nozzle internal Performance. The configurations with either the  
2-D C-D nozz le  or  the  SERN also had e s s e n t i a l l y  t h e  same trimmed jet-on drag-rninus- 
thrust polars  a t  a Mach number of 0.87. 
The configurat ion with the 2-D C-D nozzle had better untrimmed drag-minus-thrust 
performance a t  zero l i f t  than the configuration with the axisymmetric nozzle for both 
the dry and the af terburner  nozzle  p o w e r  s e t t i n g s .  For the  a f te rburner  p o w e r  s e t t i n g ,  
the configurat ions w i t h  Oo t h r u s t  vector ing had nearly equal trimmed j e t -on  po la r s  a t  
a Mach number of 0.87. For the  underwing nace l l e  l oca t ion ,  nozz le  a spec t  r a t io  
e f f e c t s  were small e x c e p t  a t  a Mach number of 1.20, for which t h e  nozzles w i t h  an 
a spec t  r a t io  o f  4 had poorer performance because of an increase in nacelle wave 
drag. 
A decrease of 8 t o  9 percent  in  drag  due t o   l i f t  was achieved by 30° t h r u s t  
v e c t o r i n g  a t  Mach numbers of 0.60 and 0.87 f o r  the configurat ion w i t h  t he  2-D C-D 
nozzle.  There w a s  no e f f e c t  on drag due t o  l i f t  a t  a Mach number of 1.20. Similar 
r e s u l t s  would be expected f o r  t h e  wedge nozzle and the SERN because nozzle type did 
not  affect drag due to l i f t .  Further  decreases i n  d r a g  d u e  t o  l i f t  were obtainable  
f o r  the ins ta l la t ions  having  the  nozz les  w i t h  an  aspec t  ra t io  of  4 because a l a r g e r  
por t ion  of the  wing w a s  in f luenced  by  the  exhaus t  e f fec ts  of  the  h igher  aspec t  ra t io  
nozzles. The configurat ion w i t h  15O th rus t  vec to r ing  had b e t t e r  trimmed drag minus 
thrus t  than  tha t  wi th  Oo th rus t  vec tor ing  ( for  chosen  moment reference center)  
because the thrust  axis, which inc l ined  downward, was located below the  model r e f -  
erence axis. 
S ign i f i can t  i n - f l i gh t  dece le ra t ion  capab i l i t y  w a s  demonstrated with the wedge 
nozz le  thrus t  reverser  (duc t  aspec t  ratio of 4 ) .  Drag-minus-thrust values for 
L-15525 
r e v e r s e  t h r u s t  were 94 and 100 percent  of drag-minus-thrust values for forward 
t h r u s t  a t  r e spec t ive  Mach numbers of 0.60 and 0.87. 
INTRODUCTION 
The mission requirements for the n e x t - g e n e r a t i o n  f i g h t e r  a i r c r a f t  may d i c t a t e  a 
h igh ly  ve r sa t i l e  veh ic l e  capab le  o f  ope ra t ing  ove r  a wide range of f l i g h t  c o n d i t i o n s .  
T h i s  a i r c r a f t  w i l l  most l ikely be designed for  high maneuverabi l i ty  and a g i l i t y ,  w i l l  
o p e r a t e  i n  a highly hosti le environment,  and w i l l  possess short  take-off and landing 
(STOL) c h a r a c t e r i s t i c s  t o  opera te  from bomb-damaged a i r f i e l d s .  An a i r c ra f t  des igned  
fo r  supe r son ic  c ru i se  may be  requi red  to  maximize a t t ack  op t ions  and t o  minimize 
exposure t o  h o s t i l e  a c t i o n .  Many design guidel ines  tend t o  be  cont rad ic tory  for  the  
subsonic and the supersonic speed regimes,  and aircraft  performance can often be 
compromised by small changes i n  mission requirements. 
The nex t -gene ra t ion  a i r c ra f t  may require  addi t ional  exhaust  system features  and 
capab i l i t i e s  i n  o rde r  t ha t  t he  r equ i r ed  a i r c ra f t  des ign  ob jec t ives  can  be  ach ieved  
( r e f .  1). Nozzle  concepts may be required which  can  improve s t e a l t h  by reducing 
in f r a red  s igna tu res  and radar  c ross  sec t ion ,  improve maneuverabili ty and STOL poten- 
t i a l  by us ing  th rus t  vec to r ing  and reversing, provide acceptable aerodynamic and 
weight performance, and integrate acceptably with other aircraft  systems, particu- 
l a r l y  f l i g h t  c o n t r o l s  and  mechanical  systems. The nonaxisymmetric nozzle installed 
on advanced a i r c r a f t  may offer  the  des igner  the  oppor tuni ty  t o  s a t i s f y  many of  these  
different  mission requirements  ( ref .  2 ) .  
Previous studies of advanced engine exhaust systems have been performed on 
i s o l a t e d  s i n g l e -  and twin-jet  wind-tunnel  models (refs. 3 t o  5).  Experimental 
investigations have also been conducted on models o f  e x i s t i n g  a i r c r a f t  ( r e f s .  6 t o  8) 
i n  o r d e r  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  u s i n g  t h e s e  a i r c r a f t  as technology demon- 
s t r a t o r s .  However, these  conf igura t ions  were not  designed t o  u t i l i z e  advanced  nozzle 
concept capabilities t o  t h e i r  f u l l e s t  p o t e n t i a l .  S t u d i e s  on models  of  advanced 
f i g h t e r  a i r c r a f t  d e s i g n e d  t o  use  th rus t  vec to r ing  fo r  maneuver are r e p o r t e d  i n  r e f -  
erences 9 t o  12 .  
This paper p r e s e n t s  d e t a i l e d  r e s u l t s  from a wind-tunnel investigation of an 
advanced tactical  f igh ter  des igned  for  supersonic  c ru ise .  This  inves t iga t ion  w a s  a 
cooperat ive program of NASA Langley Research Center, Boeing Military Airplane C o . ,  
and General Electric Co.  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  summarized i n  r e f e r -  
ences 13 and 1 4  and low-speed r e s u l t s  f o r  t h e  same model are p resen ted  in  r e fe r -  
ence 15. The e f f e c t s  of wing  maneuver devices on the  conf igura t ion  are p resen ted  in  
reference 16. 
The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were to  evaluate   the  fol lowing:  (1) t h e  
performance characterist ics of advanced nonaxisymmetric nozzles installed in various 
nace l le  loca t ions ;  (21 the  effects of thrust-induced forces on overall  a i rcraf t  aero- 
dynamics; (3) t r i m  c h a r a c t e r i s t i c s ;  and ( 4 )  thrust   reverser   performance.  The wind- 
tunnel  model simulated a Mach 2.0 design 22 230 kg a i r c r a f t .  The major model  geo- 
metr ic  var iables  included nacel le  locat ion,  nozzle  type,  and nozzle  duct  aspect  
ra t io .  Thrust-vector ing exhaust  nozzle  configurat ions included a wedge nozzle ,  a 
single-expansion ramp nozzle ( S E W ) ,  and a two-dimensional convergent-divergent 
(2-D C-D) nozzle; a l l  were capable o f  de f l ec t ing  t h r u s t  up t o  30°. A t h r u s t  r e v e r s e r  
w a s  inves t iga ted  on the high-aspect-rat io  wedge nozz le .  In  addi t ion  t o  the nonaxi- 
symmetric  nozzles, an axisymmetr ic  instal la t ion w a s  a lso t e s t e d .  The use of a canard 
for  t r i m  w a s  also assessed.  
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This  inves t iga t ion  w a s  conducted i n  t h e  Langley 16-Foot Transonic Tunnel a t  
Mach numbers  from 0.60 t o  1.20. Angle of a t t a c k  w a s  va r i ed  from about Oo t o  20° and 
nozz le  pressure  ra t io  w a s  var ied  from about 1.0 ( j e t  o f f )  t o  about 12.0, depending on 
nozzle p o w e r  s e t t i n g  and Mach number. 
SYMBOLS 
Model forces  and moments are r e f e r r e d  t o  t h e  s t a b i l i t y  axis system with the 
model moment re ference  center  loca ted  a t  f u s e l a g e  s t a t i o n  (FS)  174.82 cm,  which cor- 
responds t o  0.28c.  Aerodynamic c o e f f i c i e n t s  f o r  t h e  n o z z l e  a r e  f o r  one nozzle and 
are spec i f i ed  below. The symbols used i n  t h e  computer-generated tables are g iven  in  
parentheses  in  the second column. A discussion of the data-reduction procedure and 
de f in i t i ons  o f  t he  aerodynamic fo rce  and moment t e r m s  and the  propuls ion  re la t ion-  














n o z z l e  e x i t  area, cmL 
nozz le  th roa t  area, c m  2 
nozzle  duct  aspect  ra t io ,  ratio of duct width t o  height upstream 
of  nozz le  throa t  
d rag   coe f f i c i en t ,  - D 
(3.2 
nozz le  d rag  coe f f i c i en t  fo r  one  engine, - Dn 
qoos 
CD a t  CL = 0 
drag-minus- thrust   coeff ic ient ,  - D - F  - 
qmS (c(D-F) = CD 
a t  
NPR = 1.0 ( j e t  o f f ) )  
(D-F) a t  CL = 0 
Dn - F 
nozzle  drag-minus- thrust  coeff ic ient  for  one engine,  
qoos 
incrementa l  nace l le  drag  coef f ic ien t  
t h r u s t  c o e f f i c i e n t  a l o n g  s t a b i l i t y  a x i s ,  - 
F 
qoos 
to ta l  l i f t  c o e f f i c i e n t  i n c l u d i n g  t h r u s t  component, - L i f t  
%os 
aerodynamic ( t h r u s t  component  removed) l i f t  c o e f f i c i e n t  
( c ~ , ~  = cL a t  NPR = 1.0 ( j e t  o f f ) )  - 
nozzle aerodynamic (thrust  component  removed) l i f t  c o e f f i c i e n t  
€or one engine 
n o z z l e  l i f t  c o e f f i c i e n t  ( i n c l u d i n g  t h r u s t  component) f o r  one 
engine 
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(CLJET) j e t - l i f t   c o e f f i c i e n t  
CL a t  a = 0 0 
(CM) pitching-moment coef f ic ien t   ( inc luding   th rus t   component ) ,  
P i tch ing  moment 
s,SC 
( W E T )  j e t  pitching-moment c o e f f i c i e n t  
(CMN) nozzle   pi tching-moment   coeff ic ient   ( including  thrust  component) 
f o r  one engine 
(CT) g r o s s   t h r u s t   c o e f f i c i e n t ,  - F9 
%os 
wing mean geometric chord, 80.46 c m  
drag,  N 
nozzle drag, N 
t h r u s t  a l o n g  s t a b i l i t y  a x i s ,  N 
g r o s s  t h r u s t ,  N 
i dea l  i s en t rop ic  g ross  th rus t ,  N 
t h rus t  a long  body a x i s ,  N 
j e t  normal fo rce ,  N 
(MACH 1 free-stream Mach number 
measured mass flow rate, kg/sec 
i d e a l  mass flow rate,  kg/sec 
nozzle   pressure ra t io ,  - ' t l j  or 't, j 
PC0 Pa 
ambient pressure, Pa 
average j e t  t o t a l  pressure ,  Pa 
free-stream s ta t ic  pressure, Pa 
free-stream dynamic pressure ,  Pa 
gas   cons tan t   ( for  y = 1.39971,  287.3 J/kg-K 
wing re ference  area, 6043.1 c m  2 
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angle  of a t tack ,  deg  
nozz le  boa t ta i l  angle ,  deg  
r a t i o  o f  s p e c i f i c  h e a t s ,  1.3997 f o r  a i r  
increment 
e f f ec t ive  j e t - tu rn ing  ang le ,  measured with respect to  model 
c e n t e r  l i n e ,  deg 
e f f ec t ive  tu rn ing  ang le  wi th  respect t o  the  nozz le  th rus t  
a x i s ,  6 p lus   the   th rus t -ax is   inc l ina t ion   angle   for   the   nozz le  
of i n t e r e s t ,  deg 
canard incidence angle,  posit ive leading edge up, deg 
geometr ic  je t - turn ing  angle ,  pos i t ive  d i rec t ion  def lec ts  j e t  flow 
downward, measured with respect t o  nozz le  th rus t  ax i s ,  deg  
canard 
ca l cu la t ed  
nace l l e  
p o t e n t i a l  
trimmed 
v o r t e x  e f f e c t  a t  leading edge 
v o r t e x  e f f e c t  a t  side edge 
wing 
wave drag 
a f t  l o c a t i o n  o f  n o z z l e  e x i t  
maximum af te rburner  nozz le  power s e t t i n g  
axisymmetric 
convergent-divergent 
center  of  grav i ty  













f u s e l a g e  s t a t i o n ,  c m  
inboard spanwise loca t ion  o f  nace l l e  
mid l o c a t i o n  o f  n o z z l e  e x i t  
nozzle  reference plane 
outboard  (spanwise) or  overwing ( v e r t i c a l )  l o c a t i o n  o f  n a c e l l e  
partial  a f te rburner  nozz le  power s e t t i n g  
single-expansion ramp nozzle 
two-dimensional 
underwing ve r t i ca l  l oca t ion  o f  nace l l e  
wing b u t t  l i n e ,  cm 
water l i n e ,  c m  
MODEL 
This  invest igat ion w a s  conducted with a 10.5-percent-scale model of  a twin- 
engine  f igh ter  a i rc raf t  des igned  t o  c r u i s e  a t  supersonic  speeds.  A sketch showing 
the general arrangement of the model and support system is p resen ted  in  f igu re  1. 
Photographs of the model are shown i n  f i g u r e  2. The model fea tured  a high-performance 
cambered and twisted wing and canard and had t w o  single-engine podded nace l l e s  
mounted under the wing. The ove ra l l  ob jec t ives  of t h i s  i n v e s t i g a t i o n  d i c t a t e d  a 
v e r s a t i l e  wind-tunnel model with which var ious nacel le  integrat ions could be evalu-  
a ted.  Nozzle var iables  included type of  nozzle ,  duct  aspect ra t io ,  power s e t t i n g ,  
t h rus t  vec to r ing ,  and th rus t  r eve r s ing ,  
Wing-Canard-Fuselage Design 
The configurat ion w a s  designed for  self- t r imming a t  a cruise speed of Mach 2 
and a design l i f t  c o e f f i c i e n t  o f  0.10. The t r i m  cond i t ion  fo r  t he  veh ic l e  w a s  
e s t ab l i shed  from t h e  c r i t e r i o n  t h a t  t h e  v e h i c l e  b e  5 percent  uns tab le  subsonica l ly ,  
which r e su l t ed  in  the  veh ic l e  be ing  4 pe rcen t  s t ab le  fo r  t he  supe r son ic  des ign  case. 
The aerodynamic design of the l if t ing surfaces w a s  accomplished by the use of  
t he  FLEXSTAB code (ref .  17) .  This  code uses  the aerodynamic inf luence coeff ic ient  
method and includes the effects  of  nonplanar  surfaces  such as a canard above the wing 
plane.  The method is based upon l inear ized potent ia l - f low theory with constant-  
p ressure  pane ls .  The t w i s t  and the camber of both the canard and the  wing sur faces  
are determined simultaneously such that the induced drag is minimized.  Figure 3 
i l l u s t r a t e s  t h e  modeling of t h e  v e h i c l e  f o r  t h e  FLEXSTAB code and the result ing wing 
and canard design. 
The planform geometry of the wing is shown i n  f i g u r e  4. The wing  had a leading- 
edge sweep o f  68O, an aspect ra t io  of 1.53, a re ference  area of 6043.1 cm2, and a 
wing.mean geometric chord of 80.46 cm. The planform geometry of the canard i s  shown 
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i n  f i g u r e  5. The canard incidence angle w a s  remotely controlled about the canard 
h inge  ax is  loca ted  a t  FS 117.29 cm. The canard also had l o o  d ihedra l  ( f ig .  5 ) .  
Conventional aerodynamic area-ruling design techniques were used t o  e s t a b l i s h  
the  fuse lage  c ross -sec t iona l  area d i s t r i b u t i o n .  
Nozzle Designs 
Four nozzle types (three nonaxisymmetric and one axisymmetric) based upon f u l l -  
scale  concepts  were t e s t e d .  The nonaxisymmetric nozzles represented three generically 
d i f fe ren t  types :  (1) a two-dimensional wedge with combined in t e rna l - ex te rna l  expan- 
s ion ,  ( 2 )  a two-dimensional  convergent-divergent (2-D C-D) design,  and  (3) a s ing le-  
expansion ramp with combined internal-external  expansion (SEFW). 
The nozzle  designs were based on nozzle throat areas At and internal  expansion 
ratios Ae/At determined from mission and engine-sizing studies using data provided 
by General Electric for an advanced engine cycle.  Three power s e t t i n g s  and asso- 
ciated expansion ratios were tested depending on the nozzle type. These power set- 
t ings  cons is ted  of  dry  ( subsonic  c ru ise)  power, partial a f t e rbu rne r  (part  A/B) power, 
and maximum a f t e rbu rne r  (A/B) power. Other  nozz le  var iab les  inc luded  thrus t  vec tor -  
ing ,  th rus t  revers ing ,  and  aspec t  ra t io .  Nozzle aspect ratio i n  t h i s  paper is  
def ined  as  the  ra t io  of  the duct  width t o  height  upstream of  the nozzle  throat .  A 
summary of important geometric parameters for the nozzles tested is given i n  t he  
fo l lowing  tab le :  
I I I I 
Wedge 
1.50  31.61 A/B Wedge 
1.50 31.61 A/B Wedge 
1.50 20.00 Dry Wedge 
1.50  20.00 Dry 
I I I I 
I 2-D C-D 2-D C-D I 3; I I 1.50 1 . 2 0  
I I I I 
31.61  1.50 I 1.50 




Dry 20.00 1.20 
A/B 31.61 1.50 
Part  A/B 25.79  1.3  
Thrust  
AR I 
I 1 I I 
1 
No 0,15,30 7.38 4 
No 0,15,30 1.83 1 
Yes 0 11.64 4 
N o  0 2 -84 
1 2.84 
1 1.83 0,15,30 
} No 
Wedge nozzle.- The wedge nozzle model geometry and photographs are shown i n  f i g -  
ure  6. The low-aspect-ratio (AR = 1) wedge nozzle is shown i n  f i g u r e  6 ( a )  and the  
high-aspect-rat io  (AR = 4)  wedge nozzle is  shown i n  f i g u r e  6 ( b ) .  Wedge geometry is 
g i v e n  i n  f i g u r e  6 ( c ) .  The dry p o w e r  wedge nozz les  for  bo th  aspect r a t i o s  were t e s t e d  
a t  6, = 0 only,  whereas  the A/B p o w e r  wedge nozz les  for  bo th  aspec t  ra t ios  were 
t e s t e d  a t  8, = Oo, lSO, and 30°. In  addi t ion ,  the  h igh-aspec t - ra t io  dry  power wedge 
0 
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nozzle w a s  t e s t ed  wi th  a thrus t  reverser  wi th  and  wi thout  reverser  s idewal l s .  (See  
f ig .  6(b) . )  Photographs of t h e  l o w -  and high-aspect-rat io  wedge nozzles are shown i n  
f i g u r e  6 (dl . 
The f u l l - s c a l e  wedge nozz le  des ign  fea tures  a fixed-geometry cowl (or b o a t t a i l  
c losure) ,  fu l ly  modula ted  nozz le  throa t  and e x i t  area control ,  thrust-vector ing and 
reversing actuation, and airframe-nozzle structural  integration. Nozzle area var ia-  
t i o n  is achieved by using a variable-geometry center-body wedge. An ac tua t ion  and 
control  system provides  nozzle  exi t  area var ia t ions independent  of  power s e t t i n g s .  
Thrust  vector ing a t  A/B o r  dry p o w e r  s e t t i n g s  is  achieved by def lect ing the center- 
body wedge t o  o b t a i n  a double-cambered wedge geometry. Center-body wedge panels  are 
also used during dry p o w e r  thrust  modulat ion and t h r u s t  r e v e r s i n g  by using an actua- 
t i on  sys t em tha t  is independent of the p o w e r  s e t t i n g  and the  thrus t -vec tor ing  cont ro l  
func t ions .  Previous  s tud ies  have  ver i f ied  the  feas ib i l i ty  of  the  basic nozzle mecha- 
nism des ign ,  th rus t -vec tor ing  ac tua t ion  des ign ,  and  thrus t - revers ing  sys tem ( re f .  18). 
2-D C-D nozzle.- The 2-D C-D nozzle model geometry is  p r e s e n t e d  i n  f i g u r e  7. 
The A/B p o w e r  nozz le  ( f ig .  7 ( a ) )  w a s  t e s t e d  a t  6, = Oo, 15O, and 30°. The dry power 
nozz le   ( f ig .  7 (b) ) w a s  t e s t ed   on ly  a t  6 = Oo. The nozzle   aspect  ra t io  w a s  1. The 
2-D C-D nozzle  ful l -scale  design al lows mdependent  actuat ion of  the throat area con- 
t r o l  f l a p s  and the  d ive rgen t  flaps. The nozzle  expansion rat io  can therefore  be set ,  
within mechanical limits, independently from the  nozz le  throa t  area f o r  good i n t e r n a l  
performance over a wide va r i e ty  o f  f l i gh t  cond i t ions .  
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The l eng th  o f  t he  d ive rgen t  f l aps  w a s  s e l e c t e d  t o  provide good in t e rna l  nozz le  
performance a t  the supersonic  design point .  The f l a p  a c t u a t o r s  are i n t e g r a l  to  t h e  
f l a p s  to  reduce s idewall  thickness .  For  thrust  vector ing,  the divergent  f laps  are 
d i f fe ren t ia l ly  ac tua ted .  S ince  the  nozz le  f low i s  turned a t  a r e l a t i v e l y  l o w  Mach 
number, high internal performance is maintained during vectored operation. 
SERN.- The SERN model geometry and photographs are shown in .  f igure  8. Both 
SERN's (AR = 1 and 4) were t e s t ed  on ly  in  the  A/B power s e t t i n g  a t  6, = Oo, 15O, 
and 30°. In  the  fu l l - s ca l e  SERN des ign ,  nozz le  th roa t  a r ea  is con t ro l l ed  by t h e  
upper ramp convergent flap.  Nozzle area ratio can be set  by r o t a t i n g  t h e  lower 
d ive rgen t  f l ap  du r ing  normal forward operation. Flap actuation mechanisms are in t e -  
g ra t ed  in to  the  f l ap  s t ruc tu re  r a the r  t han  the  s idewa l l s ,  min imiz ing  s idewa l l  t h i ck -  
ness.  Thrust  vectoring is accomplished by rotat ing both the upper  ramp and the lower 
nozz le  f lap ,  thus  turn ing  the  f low near  the  throa t  in  order  t o  minimize turning 
losses (pr imari ly   subsonic   turning) .   Previous  invest igat ions  with SERN's ( r e f s .  4 
and 5)  indicated turning losses of up t o  7 .5  percent  of  idea l  th rus t  when the flow 
w a s  vectored by the  rear port ion of  the upper  external  ramp (supersonic flow 
d e f l e c t i o n ) .  
Axisymmetric nozzle.- The axisymmetric nozzle model geometry i l l u s t r a t e d  i n  f i g -  
ure  9 simulated a hinged-flap, variable-position, convergent-divergent nozzle designed 
f o r  e f f i c i e n t  s u p e r s o n i c  c r u i s e .  The full-scale hardware has a dua l  ac tua t ion  sys tem 
t o  vary nozzle  throat  and exi t  area independently.  This design did not contain 
th rus t -vec to r ing  o r  t h rus t - r eve r s ing  capab i l i t i e s .  
Nacelle In t eg ra t ion  
The model was designed to  s tudy  the  e f f ec t s  o f  va r ious  nace l l e  i n s t a l l a t ions .  
The nacel le-nozzle  integrat ion phi losophy shown i n  f i g u r e  10 i l l u s t r a t e s  t h e  problem 
of  a mul t ip l i c i ty  o f  nace l l e  l oca t ions  and nozz le  types ,  th rus t  a l ignment ,  ex i t  p lane  
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l o c a t i o n  r e l a t i v e  t o  the  wing t r a i l i ng  edge ,  boa t t a i l  c lo su re  ang le ,  and p o t e n t i a l  
base  reg ions  cons idered  in  the  nace l le  and nozzle model designs.  The r e l a t i v e l y  f l a t  
surfaces of the nonaxisymmetric nozzles enabled integration with the wing su r face  t o  
b e  s i m p l i f i e d  c o n s i d e r a b l y ,  r e s u l t i n g  i n  a smooth t r a n s i t i o n  from t h e  wing upper sur- 
face  t o  the nozzle  boattail surface. The r e s u l t i n g  t h r u s t  a x i s  w a s  i nc l ined  downward 
about 5O. (This  va lue  var ies  s l igh t ly  wi th  conf igura t ion  for  bes t  in tegra t ion . )  
Nacelle locations and configuration code.-  The various nacelle-nozzle integra- 
t i o n  o p t i o n s  t e s t e d  are shown schemat i ca l ly  in  f igu re  11. The baseline low-aspect- 
ratio ( A R  = 1) inboard underwing nacelle model w a s  s p e c i f i c a l l y  t a i l o r e d  t o  s i m u l a t e  
a fu l l - sca l e  p ropu l s ion  sys t em ins t a l l a t ion .  Model hard-points  constrained the geom- 
etry of the outboard underwing and inboard overwing nacelles such that the nozzle 
e x i t  w a s  pos i t ioned  a t  the  des i r ed  loca t ion  bu t  t he  nace l l e  w a s  not completely simu- 
l a t e d .  However, wi th in  the above c o n s t r a i n t s ,  t h e  geometry  of  each  nacelle-nozzle 
combination w a s  then careful ly  designed t o  minimize b o a t t a i l ,  b a s e ,  and aerodynamic 
interference  problems.  
A three-letter configuration code is  used t o  des igna te  the  var ious  nace l le -  




The second le t te r  deno tes  nace l l e  ve r t i ca l  l oca t ion  as follows: 
U underwing 
0 overwing 
The t h i r d  l e t te r  deno tes  ax ia l  l oca t ion  o f  nozz le  ex i t  as follows: 
F - forward 
M mid 
A a f t  
A configuration code with an a s t e r i s k  i n d i c a t e s  t h a t  t h a t  p a r t i c u l a r  l o c a t i o n  i s  a 
va r i ab le .  For  example, I U *  i nd ica t e s  t he  loca t ion  o f  nozz le  ex i t  is  varying, and 
I * M  i n d i c a t e s  t h e  n a c e l l e  v e r t i c a l  l o c a t i o n  is varying. 
Nacelle general  features.-  For a l l  loca t ions ,  each  nace l le  had a 2O toe- in  and 
had a f a i r e d - o v e r  i n l e t .  The in l e t  l ead ing  edge  w a s  loca ted  a t  approximately 
FS 180.00 c m  for  the  inboard  underwing (IU*) nace l le  loca t ions .  The i n s t a l l a t i o n  o f  
the  nozz le  thrus t  s t ra in-gage  ba lance  ( le f t -hand  nace l le  on ly)  and  the  t rans i t ion-  
instrumentat ion sect ion (contains  choke plates  and nozzle  f low instrumentat ion)  
common f o r  a l l  the low-aspect-ratio nozzles is shown i n  f i g u r e  1 2 .  The 
ins t rumenta t ion-nozz le  in te r face  loca t ion  of  FS 220.78 cm and water  l ine (WL) 
22.88 cm w a s  t he  s a m e  f o r  a l l  the low-aspect-rat io  nozzles  for  the IU* nace l l e  loca- 
t i ons .  The th rus t - ax i s  i nc l ina t ion  ang le  fo r  each  nozz le  in s t a l l a t ion  w a s  set by 
the angle  of  the forward face of the  nozz le  f lange  tha t  a t tached  to  the  ins t rumenta-  
t i on  sec t ion .  Fo r  the  I U *  i n s t a l l a t i o n s ,  t h e  n o z z l e s  were ro l led  inboard  6.5O 
( f i g .  1 2 ) .  
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The i n s t a l l a t i o n  of the nozzle  thrust  s t ra in-gage balance ( lef t -hand nacel le  
on ly )  and  the  t r ans i t i on - ins t rumen ta t ion  sec t ion  comn fo r  the high-aspect-rat io  
(AR = 4)  nozzles  is shown in  f igure  13 .  Typica l  r igh t -hand nacelle i n s t a l l a t i o n s  are 
shown i n  f i g u r e  14  ( le f t  s i d e  shown). The flow tube connect ing the wing to  the  
t r ans i t i on  sec t ion  va r i ed  in  l eng th  depend ing  upon t h e  p a r t i c u l a r  nacelle 
configurat ion.  
The nace l l e  metric break  for  a l l  the nozzle  i n s t a l l a t ions  u s i n g  t h e  t h r u s t  
s t ra in-gage balance was a t  FS 225.37 cm.  Hence, i n  add i t ion  to  nozz le  in t e rna l  
f o r c e s  ( t h r u s t ) ,  any e f f e c t s  due to  external  f low exerted on the nozzle  downstream of 
FS 225.37 c m  are measured  by the nozzle  thrust  s t ra in-gage balance.  A t  t he  nace l l e  
met r ic  break  ( f ig .  1 2 )  , a t h i n  Teflon' strip w a s  used as a seal t o  prevent flow i n t o  
the nacel le .  Fuselage s ta t ion 225.37 cm is  i n d i c a t e d  i n  a l l  subsequent IUM nacelle 
loca t ions  even though the  thrus t  s t ra in-gage  ba lance  may n o t  be shown. 
A summary of  the  var ious  nace l le -nozz le  ins ta l la t ions  tes ted  is g i v e n  i n  t h e  















a N o t  
- ~ 
Spanwise 
loca t ion  loca t ion  
Vertical Location of  nozzle  
e x i t  







I U M  Mid Underwing 
I U M  Mid Underwing Inboard 
OUM Mid Underwing 
Inboard Underwing Forward IUF 
Inboard 
I U A  A f t  Underwing Inboard 
I U M  Mid Underwing 
Inboard Underwing Mid IUM 
Inboard Underwing Mid I U M  
Inboard IOM Mid Overwing 
Inboard Underwing Af t  I U A  
1 
Y e s  
No 
Y e s  
No 
Yes 
N o  
Yes 
Yes 
N o  
No 
appl icable .  
Wedge nozzle  instal la t ions.-  Sketches of  the three wedge nozz le  nace l l e  i n s t a l -  
l a t i o n s  are p r e s e n t e d  i n  f i g u r e s  1 2  t o  14. Photographs of t h e s e  i n s t a l l a t i o n s  are 
shown i n  f i g u r e  1 5 .  The low-aspect-ratio wedge nozzle w i t h  the nace l l e  i n  the  base -  
l i n e  inboard underwing location with the nozzle exit  a t  t h e  mid a x i a l  p o s i t i o n  (IUM) 
is  shown i n  f i g u r e  12 .  The th rus t - ax i s  i nc l ina t ion  w a s  4.17O. 
The high-aspect-rat io  IUM wedge nozz le  in s t a l l a t ion  is shown i n  f i g u r e  1 3 .  Note 
tha t  the  shape  of  th i s  nace l le  up t o  what would be the inlet  (approximately 
FS 180.00 c m )  is  the  same as tha t  fo r  t he  low-aspec t - r a t io  nozz le  in s t a l l a t ion .  
The half-round sect ion on the lower surface of  the nacel le  shown i n  view A-A of  f ig-  
ure  13 and in  the top photograph of figure 15 is n o t  o n l y  n e c e s s a r y  t o  f i t  around the  
~ ~ ~. 
'Teflon: Regis tered t rade name o f  E. I. du Pont de N e m o u r s  & Co.  , Inc . 
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nozzle  thrust  s t ra in-gage balance,  but  would also be  r equ i r ed  fo r  t he  in s t a l l a t ion  
of a real engine. 
The low-aspect-ratio nozzle installed in the outboard underwing pos i t i on  (OUM) 
is shown i n  f i g u r e  14. This nacelle w a s  moved outboard 7.53 c m  from the inboard 
pos i t i on ,  or from  34.3 p e r c e n t  t o  49.7 percent  of the  wing  semispan. A s  mentioned 
previously,  a complete  s imulat ion of  this  nacel le  w a s  not possible because of model 
hard-poin t  cons t ra in ts .  In  addi t ion ,  by keeping  the  nozz le  ex i t  in  the  mid pos i t i on ,  
t he  nace l l e  would have had to extend forward of the wing leading  edge  for  the  same 
l eng th  nace l l e  o f  f i gu re  12 .  The outboard nacelle location represents the approxi- 
mate maximum outboard   pos i t ion   poss ib le  when problems .associated with one-engine-out 
opera t ion  a re  cons idered .  It w a s  a n t i c i p a t e d  t h a t  resu l t s  from th i s  conf igu ra t ion  
would provide an end point of spanwise nacelle location on thrust-induced vectoring 
e f f e c t s .  
2-D C-D nozz le  in s t a l l a t ions . -  The 2-D C-D nozz le  nace l l e  i n s t a l l a t ions  are 
shown in  the  ske tches  o f  f igu res  16  and 1 7  and in the photographs of figure 18. Fig- 
ure 16 shows the  2-D C-D n o z z l e  i n s t a l l e d  w i t h  t h e  n a c e l l e  i n  t h e  b a s e l i n e  p o s i t i o n  
( I U M )  wi thout  the nozzle  thrust  s t ra in-gage balance,  a l though the balance w a s  used 
fo r  t he  l e f t -hand  nace l l e .  i n s t a l l a t ion .  The sketches of  f igures  16 and 17 again 
i l l u s t r a t e  t y p i c a l  i n s t a l l a t i o n s  f o r  t h e  r i g h t - h a n d  n a c e l l e .  The 2-D C-D nozzle w a s  
a l s o  t e s t e d  w i t h  t h e  e x i t  a t  t w o  o t h e r  a x i a l  l o c a t i o n s  as i n d i c a t e d  i n  f i g u r e  17 .  
The nozzle w a s  t e s t e d  7.52 cm forward (IUF) and a f t  ( I U A )  o f  t he  base l ine  mid 
loca t ion  ( I U M )  . 
SERN installations.-  Sketches showing the three SERN n a c e l l e  i n s t a l l a t i o n s  a r e  
presented  in  f igures  19  t o  2 1  and photographs of the high-aspect-ratio installations 
are shown i n  f i g u r e  22. Figures 19 and 20 show, r e spec t ive ly ,  t he  l o w -  and  high- 
aspec t - ra t io  SERN i n s t a l l a t i o n s  w i t h  t h e  n a c e l l e  i n  t h e  b a s e l i n e  p o s i t i o n  ( I U M ) .  The 
nozzle  thrust  s t ra in-gage balance w a s  used f o r  t h e s e  t w o  i n s t a l l a t i o n s .  The SERN i n  
the  overwing i n s t a l l a t i o n  (IOM) is shown i n  f i g u r e  21. It w a s  necessary t o  provide 
some n a c e l l e  f a i r i n g  below the  wing i n  o r d e r  t o  c o v e r  t h e  a i r  supp ly  l i nes  to  the  
nozzle. The nozz le  ex i t  w a s  raised approximately 6.20 cm from the  base l ine  pos i t i on .  
Axisymmetric nozzle installation" A sketch and photographs of the axisymmetric 
nozz le  in s t a l l a t ion  a re  p re sen ted  in  f igu res  23 and 24 ,  respect ively.  This  nozzle  
w a s  i n s t a l l ed  in  the  inboa rd  underwing a f t  n o z z l e  e x i t  n a c e l l e  p o s i t i o n  ( I U A ) .  The 
re la t ive ly  f la t  sur faces  of  the  nonaxisymmetr ic  nozz les  enabled  in tegra t ion  wi th  the  
wing s u r f a c e  t o  be s i m p l i f i e d  c o n s i d e r a b l y ,  r e s u l t i n g  i n  a smooth t r a n s i t i o n  from the  
wing  upper su r face  to  the  nozzle   boat ta i l   surface.   (See  f igs .  1 2  t o  22 . )  However, 
the axisymmetr ic  nozzle  instal la t ion w a s  complicated by the  need f o r  a "gu t t e r "  i n t e r -  
f a i r i n g  between the  nace l l e  and t h e  wing lower surface.  In order to avoid base 
regions and excessive drag due t o  flow separation on the  nozz le  boa t ta i l ,  the  a f t  
e x i t  l o c a t i o n  w a s  s e l ec t ed  fo r  t he  ax i symmet r i c  nozz le  in s t a l l a t ion ;  t h i s  pos i t i on  
reduced  loca l  c losure  angles  in  the  gut te r  reg ion .  This  nozz le  w a s  t es ted  wi thout  
the  nozz le  thrus t  s t ra in-gage  ba lance  and had i ts  own sepa ra t e  t r ans i t i on -  
ins t rumenta t ion   sec t ion .  (See f i g .  23.) 
APPARATUS AND PROCEDURE 
Wind-Tunnel and Support System 
This  inves t iga t ion  w a s  conducted i n  t h e  Langley 16-Foot Transonic Tunnel, which 
i s  a single-return,  atmospheric tunnel with a s lo t t ed ,  oc t agona l  t es t  s e c t i o n  and 
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continuous a i r  exchange. Test-section plenum suc t ion  is used for  speeds above a 
Mach number of 1.10. A complete d e s c r i p t i o n  of t h i s  f a c i l i t y  and operating charac- 
terist ics can be found i n  r e f e r e n c e  19. 
The model w a s  suppor ted  in  the  wind tunnel  by a s t ing-strut  support  system 
(figs. 1 and 2) i n  which t h e  s t r u t  r e p l a c e d  t h e  v e r t i c a l  t a i l .  The s t r u t  had a 
NACA 0006 a i r f o i l  s e c t i o n  w i t h  a 60° sweep and maximum th ickness  of  4.46 cm. 
Propulsion Simulation System and Instrumentation 
An external high-pressure a i r  system provided a continuous source of clean,  dry 
a i r  a t  a controlled temperature of about 294'K a t  the nozzles'. The a i r  w a s  brought 
t o  a plenum  mounted within the wind-tunnel support system ahead of the s t i n g .  Here, 
t h e  flow w a s  d iv ided  in to  t w o  separate flows and passed through remotely controlled 
flow valves t o  two c r i t i ca l - f low ven tu r i s  which were used to  determine mass f l o w  rate 
of the  ind iv idua l  nozz les .  The air w a s  then routed through the s t ing-strut  and for- 
ward through the fuselage from the  bottom of t h e  s t r u t ,  as shown i n  f i g u r e  25. Three 
bellows were i n s t a l l e d  i n  e a c h  a i r  l i n e  to  provide a three-dimensional,  f lexible air- 
l i ne  b r idge  ac ross  the  main balance and model. The a i r  w a s  then routed out through 
each wing t o  t h e  n a c e l l e s  and  nozzles.  (See  fig. 1 2 . )  
Round t o  r ec t angu la r  t r ans i t i on  sec t ions  were fab r i ca t ed  fo r  each  o f  t he  t w o  
nozzle  aspect  ratios. A t  the end of each  t r ans i t i on  sec t ion ,  a choke plate and t w o  
sc reens  were i n s t a l l e d  t o  r egu la t e  and smooth the flow prior t o  e n t r y  t o  the nozzle  
instrumentat ion,  or  charg ing ,   s ta t ion .  (See f ig .  12 . )  The t r a n s i t i o n   s e c t i o n s  were 
made to  in t e r f ace  wi th  the  f low supp ly  p ipe  on  the  r igh t  and  l e f t  duc t s  o r  wi th  the  
nozz le  thrus t  s t ra in-gage  ba lance  when it w a s  i n  u s e ,  and the  sec t ions  were common t o  
a l l  nozzle  configurat ions of  each aspect ratio. Nine total-pressure probes,  arranged 
i n  an equal-area-weighted, cruciform fashion, were used to determine average nozzle 
to t a l  p re s su re  in  each  duc t .  The values  from the total-pressure probes ( lef t -  and 
right-hand sides) were averaged t o  g ive  ove ra l l  nozz le  total  pressure.  Two t o t a l -  
temperature probes in each duct measured stagnation temperature of the exhaust f low. 
Thrust  and ex te rna l  aerodynamic fo rces  and moments on  the  en t i r e  model were 
measured w i t h  a six-component main strain-gage balance which a t t a c h e d  d i r e c t l y  t o  the  
bottom of the s t r u t  ( f i g .  2 5 ) .  A gap between the metric model fuselage and the non- 
metric ve r t i ca l - t a i l  suppor t  s t ru t  p reven ted  g round ing  o f  the model main fo rce  
balance.  In addition, a six-component  flow-through  strain-gage  balance w a s  mounted 
within the lef t -hand nacel le  for  some configurations.  This balance measured internal 
nozzle thrust  and external aerodynamic forces and moments exer ted on the left-hand 
nozzle a f t  of  the nozzle  common connec t ion  s t a t ion  (metric break) a t  FS 225.37 cm 
( f i g .  1 2 ) .  Addi t ional  instrumentat ion w a s  used to  measure pressure and temperature 
of t h e  a i r  f l o w  through the venturis and the i n t e r n a l  tare s t a t i c  pressures .  
, .. 
Data Reduction 
A l l  data were recorded simultaneously on magnetic tape. Twenty-four  frames of 
data, taken a t  the approximate rate of one frame per second, were used for  each  da ta  
poin t .  Average values  of the recorded data  were used to  compute s tandard force and 
moment coeff ic ients  based on wing area and mean geometric chord for re ference  area 
and length.  
1 2  
Axial force of the main force balance w a s  cor rec ted  for  a tare fo rce  tha t  
r e su l t ed  from pressur iz ing  the  a i r  supply  l ines  and bellows. This tare force  was 
determined by capping off  the air  supply system a t  t h e  wings and recording balance 
da t a  as t h e  l i n e s  were pressurized.  No correct ions because of  pressurizat ion were 
found t o  be necessary for  the other  balance components. Normal force and p i tch ing  
moment of  the main force  b a l k e  were a l so  ad jus t ed  t o  the condi t ion of  the free-  
stream s ta t i c  p re s su re  ac t ing  ac ross  the  gap  (metric break) around the support  strut .  
Note t h a t  no pressure-area  cor rec t ion  for  axial force  is requi red  for  th i s  type  sup- 
por t   sys  t e m  . 
Axial  force,  pi tching moment, and yawing moment of the nozzle  thrust  s t ra in-gage 
balance were ad jus t ed  to  the  cond i t ion  of f ree-s t ream s ta t ic  pressure  ac t ing  across  
the balance metric break a t  FS 225.37 c m  ( f i g .  1 2 ) .  Reference 20 gives a more com- 
plete descr ip t ion  of this  procedure.  
The reference axis  system for  the adjusted.  forces  and moments measured by both 
balances w a s  t r ans fe r r ed  from t h e  body axis system (WL 26.67 c m )  t o  t h e  s t a b i l i t y  
axis  system. Angle of   a t tack c1 w a s  obtained by applying  def lect ion  values   ( resul t -  
ing from model and balance bending under aerodynamic loads) and a flow-angularity 
va lue  to  the  ang le  o f  t he  model support system. An adjustment of 0.lo for flow 
angular i ty  was appl ied,  which is the average tunnel upflow angle measured in the 
Langley 16-Foot Transonic Tunnel. 
Thrust-removed aerodynamic force and moment coe f f i c i en t s  were obtained by deter-  
mining t h e  components o f  t h r u s t  i n  a x i a l  f o r c e ,  normal force, and p i tch ing  moment and 
subtract ing these values  from the  measured t o t a l  (aerodynamic plus thrust)  forces and 
moments. These t h r u s t  components a t  forward  speeds were determined from  measured 
s t a t i c   d a t a  and were a function of the free-stream s ta t ic  and dynamic pressures .  
Forces and moments were measured a t  s t a t i c  cond i t ions  wi th  the  main force balance for  
each combination of nozzle,  aspect ratio,  and thrust-vector angle tested.  This pro- 
cedure retains external  f low effects on thrust in the thrust-removed aerodynamic 
coe f f i c i en t s .  These e f f e c t s ,  which are  general ly  favorable ,  are  caused by recom- 
pression of  the external  f low on the  free expansion surface of either the wedge 
nozz le  or  the  SERN. Thrust-removed  aerodynamic c o e f f i c i e n t s  a r e  
C = CL - 
L,a ‘L , j e t  
+- ‘F, j e t  
and thrust-removed nozzle coefficients are 
+ = c  ‘F, j e t  ‘D, n ( Dn-F I 2 
Note tha t  t abu la t ed  r e su l t s  fo r  nozz le  coe f f i c i en t s  a r e  fo r  one nozzle. 
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Nozzle Performance 
From t h e  measured axial and normal components of t h e  j e t  r e su l t an t  fo rce  (de t e r -  
mined a t  s t a t i c  c o n d i t i o n s  €or each vectored-nozzle configuration),  the nozzle gross 
t h r u s t  and e f f e c t i v e  j e t - t u r n i n g  a n g l e  are def ined ,  respec t ive ly ,  as 
and 
where 6 is  measured with respect t o  the  model c e n t e r  l i n e .  The e f f e c t i v e  t u r n i n g  
angle   wi th   respec t  t o  the   nozz le   t h rus t  axis 6 '  is simply 6 p lus   the   th rus t -ax is  
i n c l i n a t i o n  a n g l e  f o r  t h e  n o z z l e  o f  i n t e r e s t .  
The t o t a l  i d e a l  i s e n t r o p i c  g r o s s  t h r u s t  or exhaust j e t  momentum for both nozzles  
is  
where r i ~  is the  mass flow rate measured by the  c r i t i ca l - f low ven tu r i s  and is  
the  average  je t  s tagnat ion  pressure  for  bo th  nozz les .  ' t , j  
Tests 
This  inves t iga t ion  w a s  conducted a t  Mach numbers from  0.60 t o  1.20.  Angle of 
attack w a s  var ied  from about Oo t o  ZOO. Nozzle  pressure  ra t io  NPR w a s  varied  from 
j e t  off  (1.0) up t o  about  12.0,  depending  on Mach number. Canard incidence  angle  6c 
w a s  var ied  from - loo t o  15O fo r  s e l ec t ed  conf igu ra t ions  in  o rde r  t o  de t e rmine  model 
t r i m  charac te r i s t ics ;  canard  inc idence  angle  w a s  he ld  a t  Oo f o r  a l l  other  configura-  
t i ons .  Reynolds number per meter var ied  from  9.24 X l o 6  to 10.56 X lo6.  A l l  tests 
were conducted with 0.20-cm-wide boundary-layer t r ans i t i on  strips cons i s t ing  o f  
N o .  100 s i l i c o n  c a r b i d e  g r i t  s p a r s e l y  d i s t r i b u t e d  i n  a thin '  f i lm of  lacquer .  These 
s t r i p s  were loca ted  5.08 cm from the  t ips of the forebody nose and the nacelles and 
on both the upper and lower surfaces of the  wings and the canards a t  0.51 c m  normal 
t o  the leading edges.  
Basic data for unvectored (6v = Oo) nozzle configurations were obtained by vary- 
ing  angle  of  a t tack  wi th  j e t  on and with j e t  o f f  a t  cons tan t  nozz le  pressure  ra t ios .  
Angle of  a t tack  was usua l ly  var ied  a t  only je t -on condi t ions for  vectored configura-  
t i ons .  However, some vectored configurat ions were a lso t e s t ed  wi th  j e t  o f f  a t  var i -  
ous angles of attack. Model v i b r a t i o n  i n  t h e  lateral  plane dur ing  thrus t  vec tor ing  
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l imi t ed  t h e  angle-of-attack range for some configurat ions (for 'example,  the 2-D C-D 
a t  6, = 30° a t  M = 1 . 2 ) .  
PRESENTATION OF RESULTS 
The ae ropropu l s ive  cha rac t e r i s t i c s  fo r  s e l ec t ed  conf igu ra t ions  from th i s  i nves -  
t i g a t i o n  are p resen ted  in  p lo t t ed  coe f f i c i en t  and  ra t io  form i n   f i g u r e s  26 t o  115. 
T a b l e  1 is an index t o  t h e  basic d a t a  f i g u r e s  and table 2 is an index t o  the  summary 
f igu res .  All p l o t t e d  d a t a  are f o r  the model untrimmed unless o therwise  spec i f ied .  
Table 3 is an index t o  tables 4 to  49, i n  which d a t a  are g iven  fo r  a l l  the configura- 
t i ons  t e s t ed .  The co r re l a t ion  o f  computer  symbols  appearing i n  t h e  p r i n t o u t  w i t h  
mathematical symbols has been given i n  t h e  "Symbols" sec t ion  of  the  paper. Tabulated 
.. data--for   the  nozzle   thrust   s t ra in-gage  balance  ( f low-through  balance mounted i n  
nace l le )  are labe led  as "Nozzle Charac t e r i s t i c s "  fo r  t hose  conf igu ra t ions  in  which 
the  th rus t  ba l ance  w a s  i n s t a l l e d ,  and t h e  v a l u e s  l i s t e d  are f o r  one nozzle. 
DISCUSSION 
Nozzle Stat ic  Performance 
S t a t i c  ( M  = 0)  per formance  charac te r i s t ics  for  the  var ious  nozz les  showing the  
e f f e c t s  o f  power s e t t i n g ,  a s p e c t  ra t io ,  t h rus t  vec to r ing ,  and th rus t  r eve r s ing  (where 
appl icable)  are p resen ted  in  f igu res  26 to  31. These r e s u l t s  are summarized i n  f i g -  
ures  32 t o  34. The basic performance parameter for nozzles a t  s ta t ic  condi t ions  is 
Fg/Fi, which is  t h e  ra t io  of measured r e s u l t a n t ,  o r  g r o s s ,  t h r u s t  t o  i d e a l  t h r u s t .  
"" Unvectored  performance.-  Comparisons  of the  unvectored-nozzle s ta t ic  performance 
are p r e s e n t e d  i n  f i g u r e  32. The primary purpose of these comparisons is t o  show the  
r e l a t i v e  performance levels obtained for the various nonaxisymmetric and axisymmetric 
nozzles.  Figure 32 shows r e l a t i v e l y  small performance  differences  between  the 2-D 
C-D and axisymmetric nozzles a t  the dry (subsonic  cruise)  power s e t t i n g ,  w i t h  t h e  
2-D C-D nozzle  having s l ight ly  higher  peak performance levels .  This  character is t ic  
is cons is ten t  wi th  resu l t s  ob ta ined  in  prev ious  s tud ies  ( re fs .  4 and 8 ) .  F a c i l i t y  
a i r  f low l imi ta t ions  prevented  the  obta in ing  of  s ta t ic  da ta  a t  the design pressure 
r a t i o  o f  t h e  A/B power nozzle models. However, t he  da t a  t r ends  ind ica t e  peak  per- 
formance levels of the axisymmetric nozzle,  the 2-D C-D nozzle,  and the  SERN are a l l  
wi th in  1 percent  of  ideal  thrust  of  each other .  The performance of the wedge A/B 
power nozzle w a s  approximately 3 percen t  o f  i dea l  t h rus t  lower than the other  nozzles ,  
which is cons is ten t  wi th  prev ious  s tud ies  ( re fs .  3 ,  4 ,  and 8 ) .  
Increasing the duct  aspect  ra t io  from 1 to  4 d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  
performance  of e i t h e r  t h e  wedge nozzle or SERA configurat ion.  The performance level 
of  these nozzles  w a s  wi th in  0.5 t o  1 p e r c e n t  o f  i d e a l  t h r u s t  r e l a t i v e  t o  t h e  low- 
aspect-rat io   nozzles .  (See f i g s .  26, 27, and 30.) 
Vectored performance.- Two di f fe ren t  f low turn ing  mechanisms for  vec tored- thrus t  
opera t ion  were used during the invest igat ion.  The 2-D C-D nozzle and the SERN simu- 
l a t ed  fu l l - sca l e  des igns  wi th  fu l ly  a r t i cu la t ing  expans ion  su r faces  tha t  enab led  l o w  
Mach number turn ing  of  the  j e t  a t  the  nozz le  throa t .  The nozzle  throat  w a s  reposi-  
t i oned  du r ing  th rus t  de f l ec t ion  in  an  a t t empt  t o  avoid potential  performance losses 
associated  with  high Mach number j e t  def lec t ions .  (See  f igs .  7 or 8.) The  wedge 
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nozzle had the  double-cambered center-body wedge ( f i g .  6) t o  d e f l e c t  t h e  j e t  after 
it had been internal ly  expanded through a combination of supersonic expansion and 
def lec t ion  turn ing .  
A comparison of s ta t ic  vec tored-nozz le  charac te r i s t ics  for  the  three  nozz les  a t  
NPR = 3.5 is  shown i n  f i g u r e  33. The e f f e c t s  of nozzle aspect ra t io  are also pre- 
sen ted  fo r  t he  wedge nozzle and t h e  SERN. Incremental-performance  comparisons show 
t h a t  t h e r e  are performance advantages for thrust-vectoring mechanisms with low Mach 
number turning and reposi t ioning of  the nozzle  throat .  A t  the  nozzle  pressure ra t io  
shown, both the 2-D C-D nozzle and the  SERN d i d  n o t  experience turn ing  losses during 
vectored-thrust  operat ion.  The performance  of  the SERN improved f o r  t h e  6v = 15O 
and & ' =  30° models ( f ig .   30 ) .  Part of  the  beneficial   performance  increment 
obtained with the SERN could have been caused by d i f f e rences  i n  under-expansion loss 
c h a r a c t e r i s t i c s .  The e f f e c t i v e  area ratio of t h i s  n o z z l e  may be  d i f f e ren t  when the  
nozzle is def lec ted  than  when it is undeflected,  even though the measured geometric 
( t h r o a t )  areas are the  same. The advantage  of low Mach number flow turning i s  evi- 
dent  when the  present  SERN r e s u l t s  are compared with the nozzle  of  references 4 and 8 ,  
i n  which the  a f t  po r t ion  o f  t he  ex te rna l  expans ion  ramp w a s  used  for  th rus t  vec tor ing .  
Turning losses as g r e a t  as 6 pe rcen t  o f  i dea l  t h rus t  were measured fo r  t he  nozz le s  o f  
references 4 and 8 during vectored-thrust  operat ion.  Expansion character is t ics  of  
t h e  2-D C-D nozzle vectored-thrust geometry were less a f f e c t e d  by t h e  geometry d i f -  
ferences due to  t h r u s t  d e f l e c t i o n .  Loss c h a r a c t e r i s t i c s  o f  t h e  wedge nozz le  of  th i s  
i nves t iga t ion  were similar t o  da ta  obta ined  i n  p rev ious  s tud ie s  ( r e f s .  4 a n d . 8 ) .  
The low-aspect-rat io  nozzles  exhibi t  similar v a r i a t i o n s  of e f f ec t ive  j e t - tu rn ing  
angle   with  geometr ic   def lect ion  angle  as did  previous  nozzles .   (See  f ig .  33.) A s  
i nd ica t ed ,  t he  SERN ef fec t ive  angle  through which the flow w a s  turned w a s  e s s e n t i a l l y  
the  same as the geometr ic  def lect ion angle ,  with the 2-D C-D nozzle having a higher  
e f fec t ive  je t - turn ing  angle .  With 30° de f l ec t ion ,  t he  wedge e f f ec t ive  j e t - tu rn ing  
angle w a s  23O. A t  the  nozzle  pressure ra t io  shown, the high-aspect-rat io  nozzles  had 
similar performance character is t ics  as the  low-aspect-ratio  nozzles.  Reference 11 
shows tha t  the  e f fec t ive  je t - turn ing  angle  of  the  h igh-aspec t - ra t io  wedge nozzle w a s  
s ignif icant ly   reduced a t  NPR = 5.5 with 15O geometr ic   def lect ion.  The cu r ren t  da t a  
i n d i c a t e  a sha rp  inc rease  in  e f f ec t ive  j e t - tu rn ing  ang le  above NPR = 4.0 , f o r  t h e  
high-aspect-ratio wedge nozzle  with 6, = 15O ( f i g .  27) , which w a s  due t o  flow 
separat ion over  the top of  the wedge. This r e su l t  is  i n  c o n t r a s t  t o  the high-aspect- 
ra t io  SERN, which main ta ined  h igher  e f fec t ive  je t - turn ing  angles  compared with the 
wedge nozzle (fig.  30) . 
Reverser performance.- Thrust reversing was accomplished on the wedge nozzle by 
deploying panels from the center-body section of the wedge ( f i g .  6 (b) ) . Reverser 
s idewal l s  may be  necessary  in  order  to  prevent  lateral  spi l lage of  the exhaust  f low 
'a round the  s ides  of  the  reverser  panels, which can degrade reverser performance. I n  
gene ra l ,  r eve r se  th rus t  1eve l s .o f  50 percent  of  forward thrust  are  required for  
effect ive reduct ion of  ground rol l .  El iminat ion of  reverser-panel  s idewalls  is one 
means of reducing nozzle weight and complexity. 
The e f f ec t  o f  r eve r se r  s idewa l l s  on the performance of the high-aspect-ratio 
wedge nozz le  th rus t  r eve r se r  is p r e s e n t e d  i n  f i g u r e  28. A comparison of reverser 
performance of the high-aspect-ratio (AR = 4)  wedge nozzle  of  this  invest igat ion with 
t h e  wedge nozzle of reference 8 (AR = 1) is shown i n  f i g u r e  34. The nozzle  pressure 
ra t io  w a s  2.5 for  bo th  nozz les ,  a va lue  typ ica l  for  landing .  A s  i n d i c a t e d  i n  t h e  
f igure,  the high-aspect-rat io  wedge reverser produced almost 50 percent  reverse  
thrus t  wi th  the  s idewal l s  on. The wedge reverser  of  re ference  8 produced.more than 
50 percent  reverse  thrust  with the s idewalls  on.  Removal of  reverser-panel  s idewalls  
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on the AR = 1 nozzle reduced reverser performance about 19 percent whereas perfor- 
mance w a s  reduced about 4 p e r c e n t  f o r  t h e  AR = 4 nozzle  of  the current  invest iga-  
t i on .  The reduced  sens i t iv i ty  of  the  h igher  aspect ra t io  nozzle t o  reverser  pane l  
s i d e w a l l  i n s t a l l a t i o n  is caused by a l a r g e  r e d u c t i o n  i n  t h e  ra t io  of sidewall  f low 
area t o  total  exhaust  f low area. (For the same t h r o a t  area, the reverser-panel  
height  of  the AR = 4 nozzle w a s  about 50 percent  less than  tha t  o f  t he  AR = 1 
nozzle. ) 
A comparison of d i s c h a r g e  c o e f f i c i e n t ,  j e t - l i f t  c o e f f i c i e n t ,  and turning angle 
for  the high-aspect-rat io  wedge nozzle with the reverser stowed and with it deployed 
is p resen ted  in  f igu re  28 (b ) .  A t  NPR < 4.0, t he re  w a s  a la rge  reduct ion  i n  d is -  
charge  coef f ic ien t  due to  r eve r se  th rus t  ope ra t ion ,  i nd ica t ing  a decrease i n  t he  
e f f e c t i v e  t h r o a t  area for the nozzle .  Ideal ly  there  should have been no d e c r e a s e  i n  
t h e  e f f e c t i v e  t h r o a t  area because the reverser  panels  were loca ted  downstream of the 
nozzle  throat .  The r educ t ion  in  d i scha rge  coe f f i c i en t  shown i n  f i g u r e  28(b) w a s  
probably caused by an i n c r e a s e  i n  back pressure due t o  the  reverser  pane ls .  It is 
b e l i e v e d  t h a t  t h i s  is a nozz le-aspec t - ra t io  e f fec t ,  s ince  unpubl i shed  resu l t s  for  a 
wedge nozzle  with AR = 1 (used  for  the  inves t iga t ion  of  re f .  8) ind ica ted  a 
dec rease  in  d i scha rge  coe f f i c i en t  o f  abou t  0.01 due t o  reverse th rus t  ope ra t ion  ove r  
the ent i re  nozzle  pressure range tes ted.  I f  the reverse- thrust-mode discharge coef-  
f i c i e n t  is s i g n i f i c a n t l y  lower or higher than the forward-thrust-mode discharge coef- 
f ic ient ,  engine operat ion can be adversely affected.  Further  development  of  high-  
a spec t - r a t io  wedge nozzles  with reversers  would require  careful  placement  of  the 
r eve r se r  pane l s  t o  minimize the  e f f ec t  o f  r eve r se  th rus t  ope ra t ion  on  d i scha rge  
c o e f f i c i e n t .  
An indicat ion of  probable  asymmetr ic  reduct ion in  throat  area between the upper 
and lower th roa t s  o f  t h i s  nozz le  du r ing  r eve r se  th rus t  ope ra t ion  is  shown by the  jet- 
l i f t  c o e f f i c i e n t s  p r e s e n t e d  i n  f i g u r e  2 8 ( b ) .  I f  t h e  e f f e c t i v e  t h r o a t  areas (upper 
and lower) were e q u a l ,  t h e n  t h e  j e t - l i f t  c o e f f i c i e n t  would be negat ive.  "his w a s  the  
case for  the  forward-thrust-mode  nozzle,  where  the  effective  jet-turning  angle 6 
w a s  near ly  equal  t o  the  nozz le  thrus t -ax is  inc l ina t ion  angle  ( f ig .  10) .  In  th i s  
case, the  e f f ec t ive  j e t - tu rn ing  ang le  fo r  t he  r eve r se r  would be about 185O (180° p lus  




shown. A t  
c h a r a c t e r i s t i c s . -  Basic wing-body-canard long i tud ina l  aerodynamic charac- 
( n a c e l l e  o f f )  are p resen ted  in  f igu re  35. Data for  the  canard  of f  a re  a l so  
angles  of a t t a c k  up t o  about 4 0 r  addi t ion of  the canard a t  6, = Oo had 
no s i g n i f i c a n t  e f f e c t  o n  l i f t .  T h i s  i n d i c a t e s ,  as do earlier s tudies ,  tha t  the  addi -  
t i o n a l   l i f t   a s s o c i a t e d   w i t h  a close-coupled canard mounted on or above the  wing plane 
is  counteracted by a comparable loss i n  wing l i f t  because of the canard downwash f l o w  
f i e l d .  A t  angles  of  a t tack  above 4O, t h e  model with the canard on produced more 
l i f t ,  and t h e  l i f t  c u r v e  r e m a i n s  n e a r l y  l i n e a r  w i t h  i n c r e a s i n g  a n g l e  o f  a t t a c k .  T h i s  
e f f e c t  w a s  probably caused by favorable interference between the canard and wing flow 
f i e l d s  which r e s u l t e d  i n  a d e l a y  i n  t h e  breakdown o f  t h e  v o r t i c e s  on the wing. 
The e f f ec t  o f  cana rd  de f l ec t ion  on d r a g  c o e f f i c i e n t  shown i n  f i g u r e  35 is also 
typical for  c lose-coupled canard configurat ions and indicates  that  t r imming this  
veh ic l e  a t  canard deflections between -5O and Oo would r e s u l t   i n  minimum t r i m  drag. 
A t  l i f t  c o e f f i c i e n t s  g r e a t e r  t h a n  0.35, the  conf igura t ion  wi th  canard  def lec t ions  
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between -loo and Oo had less drag than the configurat ion without  the canard.  
Pitching-moment c h a r a c t e r i s t i c s  shown i n  f i g u r e  35 are also typical for  t h i s  type 
of configurat ion.  
Comparison with theory.- A comparison of t h e  e x p e r i m e n t a l  l i f t  w i t h  t h e o r e t i c a l  
lift a t  M = 0.60  and 6, = Oo is p r e s e n t e d   i n   f i g u r e  36. The l i f t  curve   for   the  
potent ia l - f low case (C, 1 w a s  p red ic ted  wi th  the  method of  reference 21  
and  the  vor tex- l i f t  case ( (CLlP + CL,vle + 'L,vse)w + ' ~ , p , c  ) with  the  method of 
re ference  22. Only t h e  c a n a r d  p o t e n t i a l  l i f t  was used i n  t h e  estimate f o r  t h e  
vor tex- l i f t  case 'because  exper imenta l  resu l t s  ind ica te  tha t  canards  of  th i s  type  do  
not  deve lop  any  s igni f icant  vor tex  l i f t .  As shown i n  f i g u r e  36, the agreement 
between theory (with vortex effects  included)  and  experiment is exce l l en t .  S imi l a r  
r e su l t s  no t  p re sen ted  were found a t  M = 0.87. 
rP ,W + cL,P,c 
The drag  da ta  are also compared t o  drag estimates fo r  bo th  ze ro  and  fu l l  
l ead ing-edge  suc t ion  in  f igure  36. Since the wing for t h i s  c o n f i g u r a t i o n  w a s  
designed for  supersonic  speeds,  it has a sharp leading edge and the experimental drag 
should compare well to  the curve for zero leading-edge suction. However, the agree- 
ment between theory and experiment is not  good, probably because wing camber e f f e c t s  
produced some d i s t r i b u t e d  s u c t i o n ,  which tends to  reduce the drag. 
Component Drag C h a r a c t e r i s t i c s  
The z e r o - l i f t  d r a g  c h a r a c t e r i s t i c s  f o r  t h e  c o n f i g u r a t i o n  w i t h  t h e  low-aspect- 
ra t io  S E W ' S  are p r e s e n t e d  i n  f i g u r e  37 f o r  Mach numbers  from 0.60 t o  1.20.  For  each 
Mach number shown, the  l e f t  b a r  is the  measured d r a g  c o e f f i c i e n t  and t h e  r i g h t  bar i s  
the  p red ic t ed  d rag  coe f f i c i en t .  The p red ic t ed  d rag  coe f f i c i en t  is composed o f  pro- 
f i l e  d r a g  c o e f f i c i e n t  a t  M = 0.60  and  0.87  and p r o f i l e  p l u s  wave d r a g  c o e f f i c i e n t  
a t  M = 1.20. 
The d i f fe rences  shown between the measured and predicted zero-lift drag are 
pr imar i ly  due to  in t e r f e rence  and camber e f f e c t s  a t  subsonic speeds and due t o  the  
f a i r ed -ove r  in l e t .  The e f f ec t  o f  t he  f a i r ed -ove r  in l e t  is be l ieved  t o  be small a t  
subsonic speeds.  Results from reference  23 f o r  a twin-engine f ighter  indicate  incre-  
ments in  drag  coef f ic ien t  because  of  fa i red-over  in le t s  of  0.0008 t o  0.0020 a t  
M = 0.60  and 0 to  0.0009 a t  M = 0.90. The magnitude of these  increments w a s  
dependent upon nozzle power s e t t i n g  and aft-end geometry. 
For M = 1.20, it is  poss ib l e  t o  estimate t h e  e f f e c t  o f  t h e  f a i r e d - o v e r  i n l e t  by 
computing the wave d r a g  f o r  t h e  c o n f i g u r a t i o n  w i t h  t h e  f a i r e d - o v e r  i n l e t  (model) and 
with a n  in le t  (a i rp lane) .  This  increment  is shown i n  f i g u r e  37. 
Ins ta l led  Nace l le -Nozzle  Charac te r i s t ics  
Total aerodynamic c h a r a c t e r i s t i c s  and thrust-removed aerodynamic characteristics 
f o r  some of  the var ious nacel le-nozzle  configurat ions ( including thrust-vector ing 
conf igura t ions)  are shown i n  f i g u r e s  38 to  78. The drag-minus- thrust  resul ts  for  
6, = Oo only are summarized i n  f i g u r e s  79 t o  85. Je t -of f  incrementa l  nace l le  drag  
c o e f f i c i e n t s  a t  zero  l i f t  for  the  var ious  nace l le -nozz le  combina t ions  tes ted  are pre- 
sen ted  in  the  upper  por t ion  of  the  f igures .  The incrementa l  nace l le  drag  coef f ic ien t  
is the  d i f f e rence  between the  t o t a l  j e t - o f f  d r a g  c o e f f i c i e n t  f o r  a particular con- 
f igu ra t ion  and  the  to t a l  wing-body-canard d r a g  c o e f f i c i e n t  ( n a c e l l e  o f f )  a t  CL = 0. 
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The lower portions of figures 79 t o  85 p resen t  the zero-lif t  drag-minus-thrust  per- 
formance  (wing-body-canard-nacelle  configurations)  for  the  various  nacelle-nozzle 
combinations. It should be noted that  increasing magnitude of  negat ive numbers f o r  
i nd ica t e s  improved configuration performance (lower d r a g  o r  h i g h e r  t h r u s t ) .  
With both ACD,o,nac and (D-F) ,o on the  same f i g u r e ,  it becomes easier t o  s e e  how 
bo th  the  j e t -o f f  nozz le  in s t a l l a t ion  (d rag )  and the nozzle  thrust  performance affect  
the aeropropuls ive character is t ics  of  the var ious nacel le-nozzle  combinat ions.  
(D-F) 
Effects of nozzle type.-  The e f f ec t s  o f  i n s t a l l i ng  the  va r ious  types  o f  nonaxi- 
symmetric nozzles i n  t h e  b a s e l i n e  n a c e l l e  l o c a t i o n  ( I U M )  are shown f o r  AR = 1 and 4 
i n  f i g u r e s  79 and 80,  respect ively.  Figure 81 presents  a comparison  of  the 2-D C-D 
and axisymmetric nozzles for both dry and A/B power s e t t i n g s  w i t h  t h e  n a c e l l e s  i n  t h e  
I U A  pos i t i on .  
In  gene ra l ,  t he  d i f f e rences  in  inc remen ta l  nace l l e  d rag  coe f f i c i en t  a t  zero l i f t  
between a l l  conf igura t ions  were small a t  subsonic speeds. The configurat ion with the 
low-aspect-ratio (AR = 1) wedge nozzle had the least incremental  nacel le  drag a t  a l l  
Mach numbers because of reduced closure area. The d i f f e rence  between the configura- 
t i on  wi th  the  2-D C-D nozzle and with the wedge nozzle ( A R  = 4)  w a s  0.0019 a t  
M = 1.20. The h ighe r  nace l l e  d rag  fo r  t he  2-D C-D nozzle a t  supersonic speeds is  
p a r t l y  a t t r i b u t e d  t o  higher nozzle drag. The d i f f e r e n c e  i n  n o z z l e  d r a g  c o e f f i c i e n t  
f o r  t h e s e  same two conf igura t ions  a t  M = 1.20 w a s  found t o  be  0.0030,  with the 2-D 
C-D nozzle  having  higher  drag.  (See  tables 8 and 2 4 . )  A con t r ibu t ing  f ac to r  t o  t h i s  
i nc rease  in  nozz le  d rag  w a s  the  discont inui ty  of  the external  contour  of  the 2-D C-D 
nozzle  in  the A/B p o s i t i o n  ( f i g .  7 ) .  I n  c o n t r a s t ,  t h e  wedge nozzle had a smooth  con- 
tour  because  of i t s  f ixed  cowl ( f i g .  6 ) .  S i m i l a r l y ,  the  2-D C-D nozzle had higher  
incremental  nacel le  drag than did the smooth axisymmetric nozzle when mounted i n  t h e  
a f t  p o s i t i o n  f o r  b o t h  power s e t t i n g s  ( f i g .  8 1 ) .  
The je t -of f  drag  for  the  low-aspec t - ra t io  wedge nozzle w a s  lower than for the 
SERN and f o r  t h e  2-D C-D nozz le  in  the  IUM p o s i t i o n  o v e r  t h e  l i f t  c o e f f i c i e n t  r a n g e ,  
a s  shown i n  f i g u r e s  41 (a ) ,  4 2 ( a )  , and 4 3 ( a ) .  Because  of i t s  smooth, f ixed  cowl and 
lower b o a t t a i l  a n g l e ,  t h e  wedge nozzle w a s  expected t o  have lower jet-off drag than 
the  o the r  t w o  nonaxisymmetric  nozzle  types.  Similarly,  the  axisymmetric  nozzles 
(both dry and A/B power s e t t i n g )  had lower jet-off drag over the l i f t  c o e f f i c i e n t  
range than did the 2-D C-D nozz le  in  the  I U A  p o s i t i o n  ( f i g s .  49 ( a )  , 50 (a) , 51 ( a ) ,  
52 ( a ) ,  and 53 ( a )  ) . The da ta  €or the axisymmetric nozzle represented by the dashed 
l ine  (e .g .  , f i g .  49 ( b ) )  w a s  obtained by i n t e r p o l a t i n g  between data measured a t  two 
values  of NPR f o r   t h e   d e s i r e d  NPR. 
When the nozzle  types are  compared a t  je t -on condi t ions,  however (NPR > 1.0) , 
the  re lat ive performance posi t ion of  the nozzle  types changes.  The poor  in te rna l  
performance of the wedge nozzle  ( f ig .  32) r e su l t ed  in  bo th  the  SERN and the  2-D C-D 
nozzle configurations having better drag-minus-thrust performance (more negative 
values of C(D-F),o) than the wedge nozzle a t  a l l  Mach numbers fo r  bo th  a spec t  r a t io s  
( f i g s .  79 and 80 ) .  A comparison  of  the  performance  of  the  low-aspect-ratio SERN and 
2-D C-D nozz le  a t  subson ic  speeds  ind ica t e s  t ha t  bo th  had e s sen t i a l ly  equ iva len t  pe r -  
formance a t  zero lift. A t  M = 1.20,  favorable j e t  in t e r f e rence  on the  2-D C-D 
nozzle resulted in this nozzle type having the best  drag-minus-thrust  performance, 
which is oppos i te  of  the  je t -of f  drag  t rends .  Examining jet-on  drag-minus-thrust 
p o l a r s  f o r  t h e  t h r e e  n o z z l e  t y p e s  i n  f i g u r e s  38 ( a ) ,  39 (a) , and 40 (a)  shows t h a t  t h e  
2-D C-D nozzle and the SERN types had almost the same leve ls  of  drag  minus t h r u s t  
ove r  t he  l i f t  coe f f i c i en t  r ange  whereas  the  wedge nozzle type always had lower 
performance. 
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Simi lar ly ,  the 2-D C-D nozzle  configurat ions had better drag-minus-thrust per- 
formance a t  zero l i f t  ( f i g .  81) over  the l i f t  coef f ic ien t  range  than  d id  the axi- 
symmetric nozz le  conf igura t ions  ( f igs .  47 and 48).  Part  of the reason for the lower 
performance of the axisymmetric nozzle is i ts  lower in te rna l  th rus t  per formance ,  as 
shown i n  f i g u r e  32. The lower performance of the axisymmetr ic  instal la t ion may a l s o  
be inf luenced by detr imental  propuls ion-induced effects  because of  the "gut ter ,"  even 
though t h i s  c o n f i g u r a t i o n  had lower nace l le  drag  than  the  conf igura t ion  wi th  the  2-D 
C-D nozzle. 
Ef fec ts  of  aspect ratio.- The e f f e c t s  o f  n o z z l e  aspect ra t io  on incremental 
nace l le  drag  for  bo th  the  wedge nozzle and the SERN i n s t a l l e d  i n  t h e  b a s e l i n e  I U M  
nace l l e  pos i t i on  are shown in  the  uppe r  part o f  f i g u r e  82. Increasing nozzle  aspect  
ra t io  increased  nace l le  drag  a t  a l l  the Mach numbers t e s t ed .  A t  subsonic Mach  num- 
bers  the  increases  were small. A t  M = 1.20,  par t  of th i s  i nc rease  in  inc remen ta l  
nace l l e  d rag  coe f f i c i en t  was ca l cu la t ed  t o  be  an  inc rease  in  wave d r a g  c o e f f i c i e n t  
of 0.0048, which r e s u l t e d  from a n  i n c r e a s e  i n  volume of the high-aspect-rat io  nacel le-  
nozzle  combination. This  i n c r e a s e  i n  volume r e s u l t s  f rom an increase in  cross- 
s e c t i o n a l  area of the  nace l l e  because  o f  t he  ex te rna l  t r ans i t i on  sec t ions  which are 
necessary to  go from t h e  i n l e t  (same fo r  bo th  aspect ratios) t o  the round engine and 
then to  the high-aspect-ratio nozzle.  For t h i s  i n s t a l l a t i o n  t h e s e  e x t e r n a l  s e c t i o n s  
must be relatively longer and more g radua l  fo r  the h igh-aspec t - ra t io  nozz le  than  for  
the low-aspect-rat io  nozzle  in  order  t o  reduce the po ten t i a l  fo r  f l ow sepa ra t ion .  
Nacelle volume may be reduced by r e d e s i g n i n g  t h e  i n l e t  from half-round t o  e l l i p t i c a l .  
The d i f f e rence  in  the  inc remen ta l  nace l l e  d rag  coe f f i c i en t  between the low-  and 
high-aspect-rat io  wedge nozz les  occurred  over  the  en t i re  l i f t  r ange  fo r  t he  th ree  
Mach numbers t e s t e d  (figs. 57(a)  , 58(a)  , and 59 (a) 1. However, for the  SERN 
( f i g s .  6 5 ( a ) ,  6 6 ( a ) ,  and 6 7 ( a ) )  , there w a s  no d i f f e r e n c e  i n  t h e  j e t - o f f  d r a g  p o l a r s  
above a l i f t  c o e f f i c i e n t  of 0.3 except a t  M = 1 . 2 0 ,  f o r  which the drag character-  
istics were similar to  those  for the  wedge nozzles  shown i n  f i g u r e  5 9 ( a ) .  
Although the  inc remen ta l  nace l l e  d rag  coe f f i c i en t s  were h igher  for  the high- 
a s p e c t - r a t i o  n o z z l e  i n s t a l l a t i o n s  t h a n  f o r  t h e  low-aspect-ratio n o z z l e  i n s t a l l a t i o n s ,  
jet-on  drag-minus-thrust  performance  for AR = 4 a t  M = 0.60 w a s  e q u a l  t o  o r  
better than   tha t  for  AR = 1. (See f i g .  82. ) A t  M = 0.87,  drag-minus-thrust per- 
formance of the AR = 1 n o z z l e  i n s t a l l a t i o n s  w a s  o n l y  s l i g h t l y  better than  tha t  o f  
t h e  AR = 4 nozz le   i n s t a l l a t ions .  These resu l t s   ind ica te   tha t   p ropuls ion- induced  
( j e t  i n t e r f e r e n c e )  e f f e c t s  were more bene f i c i a l  on the  AR = 4 n o z z l e  i n s t a l l a t i o n s  
than on t h e  AR = 1 n o z z l e  i n s t a l l a t i o n s  a t  subsonic  speeds. A s  shown i n  f i g -  
ures  54 (a) and 55 (a) , drag-minus-thrust performance of t h e  t w o  aspect r a t i o   i n s t a l l a -  
t i o n s  w a s  near ly  equal  up t o  about CL = 0 .3  fo r  the wedge nozzle  configurat ions.  
For t h e  SEW conf igura t ions ,  bo th  aspec t  ra t io  nozz les  have  near ly  ident ica l  j e t -on  
polars ( f i g s .  6 2  (a) and 63 (a) . 
Effec t s  of nacelle-nozzle  location.-  - The e f f e c t s  of nozz le   ex i t   l oca t ion  and 
nace l l e  l oca t ion  on incremental nacelle drag and drag-minus-thrust performance are 
shown i n  f i g u r e s  83 to  85. The e f f e c t s  of vary ing  nozz le  ex i t  axial l o c a t i o n  f o r  t h e  
configurat ion with the low-aspect-rat io  ( A R  = 1) 2-D C-D nozzles are shown i n  f i g -  
ure  83. A t  M = 0.60 and  0.87, incremental  nacel le  drag increased as the  nozz le  ex i t  
w a s  moved a f t ,  which occurred because of an  inc rease  in  f r i c t ion  d rag .  However, a t  
M = 1.20, j u s t  the opposi te  w a s  t r u e ,  as the incremental  nacel le  drag decreased as 
the  nozz le  ex i t  w a s  moved a f t .  Th i s  dec rease  in  d rag  is a t t r i b u t e d  t o  a decrease i n  
wave drag which probably resul ts  from an improved area d i s t r i b u t i o n  of the configura- 
t ion .  However, a t  M = 1.20, similar trends  in  drag-minus-thrust  performance are not  
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presen t ,  which ind ica tes  tha t  the  propuls ion- induced  j e t  e f f e c t s  are more de t r imenta l  
f o r  t h e  mid nozz le   i n s t a l l a t ion .  (See f ig .   83.)  
The e f fec ts  of  nace l le  spanwise  loca t ion  on  incrementa l  nace l le  drag  and  drag-  
minus-thrust performance for the low-aspect-ratio wedge nozzle are p r e s e n t e d  i n  f i g -  
ure 84. There w a s  a small increase in drag-minus-thrust  performance as the  nace l le  
w a s  moved outboard. However, even  though the re  w a s  a small increase in performance, 
t h i s   n a c e l l e   l o c a t i o n  would probably not be considered because of engine-out problems. 
I n  addi t ion ,   th rus t - induced   e f fec ts  a t  6, = 15 were e s s e n t i a l l y  t h e  same as those 
f o r  t h e  n a c e l l e  i n  the inboard  pos i t ion  ( re f .  13) .  
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The e f f e c t s  on incremental  nacelle drag and drag-minus-thrust performance f o r  
the high-aspect-rat io  SERN i n s t a l l e d  under the  wing ( I U M )  and over the wing (IOM) are 
p r e s e n t e d  i n  f i g u r e  85. W i t h  the  except ion of  the underwing-overwing  comparison a t  
M = 1.20,  t h e  e f f e c t s  of nacel le  locat ion on both incremental  nacel le  drag and drag-  
minus-thrust  performance were genera l ly  small. A t  M = 1.20,  the  overwing  nacelle 
i n s t a l l a t i o n  had lower nacelle drag and better drag-minus-thrust performance (more 
negative values of C (D-F) ,o ) than the underwing instal la t ion because of  lower wave 
drag. The purpose of the overwing configuration (simulating a wing-buried  engine) 
w a s  t o  ob ta in  a relat ively "clean" f low f ie ld  under  the wing.  This w a s  l a rge ly  
accomplished with the model hardware, except a f a i r i n g  w a s  necessary on the lower 
wing su r face  t o  cover a i r  supply l ines .  Consequent ly ,  this  nacel le  w a s  smaller than 
the underwing configuration and hence had less wave drag. However, i n  t h i s  i n s t a n c e ,  
these  summary r e s u l t s  may be  misleading.  Drag-minus-thrust  polars  for  these  configu- 
r a t i o n s  ( f i g s .  7 0 ( a ) ,  71(a) ,  and 7 2 ( a ) )  i n d i c a t e  t h a t  a t  subsonic  speeds  the  under- 
wing conf igura t ion  had better drag-minus-thrust performance a t  t h e  h i g h e r  l i f t  c o e f -  
f i c i e n t s  t h a n  d i d  t h e  overwing  Configuration. Even a t  M = 1-20 ,  fo r  which the  
overwing  configuration showed much b e t t e r  performance a t  CL = 0 ( f i g .  851, t he  
overwing configuration only had better drag-minus-thrust performance than the under- 
wing configuration below CL = 0.3. The r e a s o n  f o r  t h i s  phenomenon is  tha t  the  over -  
wing configuration produces less l i f t  a t  a l l  Mach numbers than does the underwing 
conf igura t ion  a t  the same angle  of  a t tack.  A t  t h e  h i g h  l i f t  c o e f f i c i e n t s  (which 
r e su l t  i n  h ighe r  ang le s  o f  a t t ack  fo r  t he  overwing conf igu ra t ion ) ,  t he re  is  a drag 
penal ty  assoc ia ted  wi th  the  increased  angle  of  a t tack  necessary  for  a given lift 
l e v e l  f o r  t h e  overwing configuration. 
Effects of Thrust  Vectoring 
The e f f e c t s  of t h rus t  vec to r ing  on  the  to t a l  and thrust-removed aerodynamic 
c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  i n  f i g u r e s  86 t o  100 f o r  t h e  t h r e e  n a c e l l e  i n s t a l l a -  
t i ons  t e s t ed  wi th  the  SERN. The r e s u l t s  shown are fo r  t he  nace l l e  under the  wing 
wi th  the  low-aspec t - ra t io  nozz le  ( f igs .  86 t o  90) and with the high-aspect-ratio 
nozz le  ( f ig s .  91  t o  95) and  for  the  nace l le  over  the  wing with the high-aspect-rat io  
nozz le  ( f ig s .  96 t o  100) .  A s  th rus t -vec tor ing  angle  increased  a t  subsonic Mach  num- 
b e r s ,  t h e r e  w a s  the typical "crossover" of the individual drag-minus-thrust  polars,  
with the crossovers  occurr ing a t  s u c c e s s i v e l y  h i g h e r  l i f t  c o e f f i c i e n t s .  S i m i l a r  
r e s u l t s  w e r e  ob ta ined  fo r  t he  o the r  nace l l e -nozz le  in s t a l l a t ions  t e s t ed .  
Vectored-thrust  incremental  effects . -  The e f f e c t s  o f  t h r u s t  v e c t o r i n g  on incre- 
mental l i f t  and drag €or var ious nozzle  types,  €or va r ious  nozz le  ex i t  l oca t ions ,  and 
fo r  va r ious  aspect ratios and v e r t i c a l  e x i t  l o c a t i o n s  are p resen ted  in  f igu res  101  
t o  103. These increments were obtained by t ak ing  the  d i f f e rence  between th rus t -  
removed coe f f i c i en t s  fo r  conf igu ra t ions  wi th  th rus t  vec to r ing  (6, > Oo) and th rus t -  
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removed coe f f i c i en t s  fo r  t he  conf igu ra t ions  wi thou t  t h rus t  vec to r ing  (6, = O o )  a t  
c1 = Oo and loo. It should be noted that these increments include the jet-off aero- 
dynamic " f l a p "  e f f e c t s  t h a t  r e s u l t  from de f l ec t ing  e i the r  t he  uppe r  and lower nozzle 
f l a p s  or the  wedge. J e t - o f f  f l a p  f o r c e s  are summarized i n  f i g u r e  104 f o r  t h o s e  con- 
f igu ra t ions  a t  c1 = Oo and 6, = 30 . 0 
The r e s u l t s  shown i n  f i g u r e s  101 t o  103 genera l ly  show tha t  the  thrus t - induced  
e f f e c t s  are b e n e f i c i a l  to  both l i f t  and drag. That i s ,  j e t  o p e r a t i o n  i n c r e a s e s  l i f t  
and decreases drag. However, t he  jet-off nozzle f lap forces make up a s i g n i f i c a n t  
portion of the increments shown. For  example, 50 t o  83 percent  of the incremental  
l i f t  is due t o  t h e  f lap e f f e c t  ( f i g .  101 (a) or 101(c)  ) and, for these  cases, the  
nozzle flap drag increment is actual ly  larger  than the je t -on increment .  
The effects of varying nozzle type on the incremental thrust-removed aerodynamic 
forces  wi th  the  base l ine  ( I U M )  n a c e l l e  i n s t a l l a t i o n  are p r e s e n t e d  i n  f i g u r e  101. I n  
genera l ,  the  effects of nozzle type on incremental  l i f t  and drag were small, although 
t h e  2-D C-D nozzle  general ly  produced the highest  incremental  l i f t .  The inc reases  
i n  ACD for the  nozzles   with 6, = 30° a t  O! = Oo were due t o  the  jet-off aero- 
dynamic drag  on  the  def lec ted  f laps  ( f ig .  1041, whereas a t  c1 = 10 , i n c r e a s e s  i n  
ACD were due t o  both nozzle flap drag and drag due t o  l i f t .  The o v e r a l l  e f f e c t s  o f  
t h r u s t  v e c t o r i n g  on t h e  a i r c r a f t  d r a g  due t o   l i f t  is  addres sed  in  the  nex t  s ec t ion .  
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Since  j e t -o f f  da t a  were not  obtained for  a l l  vectored-nozzle configurations,  an 
assessment i n  terms o f  the  usua l  ga in  f ac to r  ( r e f .  20) for  thrust- induced or super- 
c i r c u l a t i o n  l i f t  c a p a b i l i t i e s  o f  t h e  t h r e e  n o z z l e s  shown i n  f i g u r e  101  cannot be 
made. This is  because  j e t -o f f  nozz le  f l ap  l i f t  is  inc luded  in  the  je t -on  incrementa l  
l i f t  term ACL,a. However, fo r  t hose  conf igu ra t ions  in  which j e t -o f f  da t a  were 
measured a t  6, > Oo,  a ga in  factor can be determined as follows: 
where ACL,a a t  NPR > 1 .O and ACL a t  NPR = 1.0 can  be  obtained from f ig-  
ures  101 and 104 ,  r e spec t ive ly ,  and C L t j e t  is g i v e n  i n  t h e  t a b u l a t e d  r e s u l t s .  The 
ga in  f ac to r  fo r  t he  2-D C-D nozzle w a s  1.35 f o r  M = 0.60, a = 0 , and NPR = 3.0, 
which is  considerably lower than that from p rev ious  s tud ie s  ( r e f s .  8 ,  1 0 ,  and 2 0 ) .  
Two reasons  for  th i s  lower  ga in  fac tor  are the  long i tud ina l  l oca t ion  o f  t he  nozz le  
ex i t  wi th  respec t  t o  the  wing  and t h e  underwing p o s i t i o n  of the nozzle .  A previous 
s tudy  ( r e f .  24) ind ica ted  no induced l i f t  due t o  vec to r ing  fo r  a round j e t  i n  which 
the  nozz le  ex i t  w a s  r o t a t e d  below the  wing. 
1 0  
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During t h i s  i n v e s t i g a t i o n ,  o t h e r  n a c e l l e - n o z z l e  i n s t a l l a t i o n s  were s t u d i e d  t h a t  
were more conducive t o  i n c r e a s i n g  i n d u c e d  l i f t  due t o  vectoring. For example, the 
2-D C-D nozzle w a s  t e s t ed  wi th  the  ex i t  a t  t w o  a l t e r n a t i v e  l o n g i t u d i n a l  l o c a t i o n s  
( f i g .  1 7 ) .  A s  shown i n  f i g u r e  102, incremental  l i f t  was nearly doubled when the  
nozz le  ex i t  was moved t o  t h e  forward  pos i t ion  (ex i t  near  the  wing t r a i l i n g  e d g e ) .  
Increas ing  nozz le  aspec t  ra t io  is another means o f  i nc reas ing  induced  l i f t .  
This is i l l u s t r a t e d  i n  f i g u r e  103, i n  which incremental  l i f t  is compared f o r  t h e  
t h r e e   n a c e l l e   i n s t a l l a t i o n s  of the  SEFW. A t  some condi t ions ,  ACL,a more than 
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doubled as aspec t  ratio w a s  increased  from 1 t o  4. Similar r e s u l t s  were found f o r  
the  wedge nozz le   ( r e f .   13 ) .   In   add i t ion ,   fu r the r   i nc reases   i n  ACLta are evident  as 
the  nozz le  ex i t  w a s  moved from under t o  over  the wing. This improvement i n  induced 
l i f t  may have r e su l t ed  from the  vec tored  je t  exhaust inducing higher local v e l o c i t i e s  
over  the wing upper surface because of flow entrainment. O r  it could  be  tha t  the  
change i n  lift due to  t h r u s t  v e c t o r i n g  w a s  g r e a t e r  f o r  t h e  overwing i n s t a l l a t i o n  
because of i t s  poorer  overal l  unvectored lift c h a r a c t e r i s t i c s .  
Drag-due-to- l i f t  character is t ics . -  The use of t h r u s t  v e c t o r i n g  a t  or  near  the  
t r a i l i n g  edge of a wing can reduce drag due t o  lift by improving the wing span load 
d i s t r i b u t i o n  (ref. 20) .   Drag-due-to- l i f t   character is t ics   for   the  configurat ion  with 
the  2-D C-D n o z z l e  i n s t a l l e d  a t  t he  nace l l e  base l ine  pos i t i on  ( I U M )  are p resen ted  in  
f igu re  105 ,  i n  which CD - CD,o is  shown as a funct ion of  A s  i n d i c a t e d  i n  
the upper  port ion of  the f igure,  j e t  operat ion had no e f f e c t  on drag due to l i f t   f o r  
the unvectored nozzle (6, = Oo) . However, t he re  w a s  about a 5-percent  decrease in  
drag due t o  l i f t  a t  M = 0.60  and  0.87  simply by vec tor ing  the  2-D C-D nozz le s  to  
6, = 30° a t  je t -of f  condi t ions .  This  decrease  resu l ted  f r o m  t h e  f l a p  e f f e c t s  o f  t h e  
2-D C-D nozzle. As expected,  there  w a s  no e f f e c t  on drag due to l i f t  a t  M = 1.20. 
A t  je t -on condi t ions,  drag due t o  l i f t  w a s  fur ther  reduced such that  there  w a s  a 
t o t a l  8- t o  9-percent reduction from the configuration with the unvectored nozzle 
(6, = Oo) a t  NPR = 1.0 t o  the  one with  the  vectored  nozzle  (6, = 30°) a t  NPR. ( j e t  
on) a t  subsonic speeds. 
2 
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Drag-due-to- l i f t  character is t ics  are  compared i n  f i g u r e  106 for  the configura-  
t ions with the low-aspect-rat io  wedge nozzle,  2-D C-D nozzle, and SERN. A s  would be 
expected from the  small effect  of nozzle type on ACL,a shown p rev ious ly  in  f ig -  
ure 101, t h e r e  w a s  no e f f e c t  of nozzle type on drag due t o  l i f t  a t  these condi t ions.  
Figure 107 shows t h a t  i n c r e a s i n g  t h e  SERN a s p e c t  r a t i o  from 1 t o  4 decreased drag due 
t o  l i f t  6.5  percent a t  M = 0.60 (NPR = 3.0)  and  9.5  percent a t  M = 0.87 
(NPR = 3.9) .  This  probably resul ted from a f u r t h e r  improvement  of the span load dis-  
t r i bu t ion  ( load  d i s t r ibu ted  ove r  a wider portion of the wing) because of the higher 
aspec t  ratio.  The t o t a l  improvement i n  d r a g  due t o  l i f t  f o r  t h e  AR = 4 SERN i n s t a l -  
l a t i o n  a t  M = 0.60  from 6, = Oo and NPR = l. 0 t o  6, = 30° and NPR = 3 .O w a s  
probably  between 1 2  and 1 4  percent ,  s ince  the  AR = 4 wedge n o z z l e  i n s t a l l a t i o n  
experienced a 13-percent reduction in drag due t o  l i f t  ( r e f .  1 3 ) .  Note t h a t  t h e  
drag-due- to- l i f t  charac te r i s t ics  of  the  AR = 4 SERN i n s t a l l e d  above the  wing  were 
approximately  equal t o  the  AR = 1 SERN i n s t a l l e d  below t h e  wing.  This r e s u l t  w a s  
expected,  s ince the overwing nacel le  instal la t ion had poorer l i f t  and thrust-removed 
p o l a r  c h a r a c t e r i s t i c s  r e l a t i v e  t o  t h e  underwing in s t a l l a t ion .   (See ,   fo r  example, 
f i g .  7 3 ( a )  or  74 (a) .) 
Trimmed Aerodynamic Charac t e r i s t i c s  
The previous  d iscuss ion  of  nace l le -nozz le  in tegra t ion  e f fec ts  has  dea l t  on ly  
with untrimmed jet-on drag-minus-thrust polars. The l i f t  and drag increments asso- 
ciated with tr imming the vectored-thrust  induced l i f t  and drag can negate any bene- 
f i t s  o f  t h rus t  vec to r ing .  To understand the t r i m  c h a r a c t e r i s t i c s  of t h i s  model, it 
i s  he lpfu l  to  rev iew the  resu l t ing  moment cont r ibu t ions  from var ious  force  inputs  
( f ig .   108) .   For   th i s   conf igura t ion ,   the   nozz le   g ross   th rus t  a t  6, = Oo induces a 
nose-up p i t ch ing  moment because  the  thrus t  ax is  is loca ted  below the  moment r e fe r -  
ence center  (cg)  . For  thrus t -vec tor ing  angles  grea te r  than  about  5O, a nose-down 
p i t ch ing  moment r e s u l t s  from the nozzle  thrust .  This  angle  is a function of the cg 
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loca t ion .  It should be noted that an adjustment has been made t o  the  pitching-moment 
da t a  to  accoun t  fo r  t he  f a i r ed -ove r  in l e t .  Add i t ion  o f  t he  nace l l e  w i t h  the  fa i red-  
over i n l e t  caused a Cm s h i f t  a t  CL = 0 of  about  0.046  (nose  up). I n  order  t o  
account  for  the  fa i red-over  in le t ,  an  assumed value of 0.02 was sub t r ac t ed  from the 
untrimmed p i t ch ing  moment over  the ent i re  angle-of-at tack range.  The wing-body- 
canard data  of  f igure 35 were used to  t r i m  the  conf igura t ion .  
Trimmed drag-minus-thrust polars are p resen ted  in  f igu re  109  for  the  base l ine  
( I U M )  nace l le  conf igura t ion  wi th  the  2-D C-D nozzle a t  dV = Oo, 15O, and 30° f o r  
M = 0.87 and NPR = 3.9. The be 's t  trimmed drag-minus-thrust  performance  over  the 
en t i re  angle-of -a t tack  range  tes ted  occurred  for  the  conf igura t ion  wi th  6, = 15 . 
This also occurred a t  M = 0.60  and NPR = 3.0 ( r e f .   16 )  and most l i k e l y  would be 
t r u e  a t  M = 1.20.  These r e s u l t s  are due to the  canard  def lec t ions  requi red  to  t r i m  
the thrust- induced pi tching moments. The canard  def lec t ion  requi red  to  t r i m  and the 
r e s u l t i n g  trimmed drag increments  are  .presented in  f igure 110. A t  angles  of  a t tack  
up t o  loo, a canard def lect ion of  -12O t o  -14O w a s  r e q u i r e d  t o  trim the configura-  
t i o n  a t  6, = Oo whereas only -4.5O t o  -5.5O canard  def lec t ion  w a s  necessary a t  
6v = 15O. Figure 35 i n d i c a t e s  t h a t  trimming th is  vehic le  wi th  canard  def lec t ions  
between -5O and Oo w i l l  r e s u l t  i n  minimum t r i m  drag. As shown in  f igu re  110 ,  t he re  
w a s  e s s e n t i a l l y  no t r i m  drag  penalty  between Ci = Oo and loo  f o r  6, = 15 . These 
r e s u l t s  i n d i c a t e  a p o t e n t i a l  b e n e f i t  f o r  trimming and cont ro l  of  the  vehic le  by using 
thrus t -vec tor ing  nozz les .  S imi la r  resu l t s  were ind ica t ed  in  r e fe rence  1 2 .  
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The e f f e c t s  on trimmed je t -on polars  of  var ious nacel le-nozzle  instal la t ions are 
shown i n  f i g u r e s  111 t o  113. Figure 111 i n d i c a t e s  e s s e n t i a l l y  t h e  same trimmed jet- 
on p o l a r  f o r  e i t h e r  t h e  2-D C-D nozz le  or  the  SERN i n s t a l l e d  i n  t h e  b a s e l i n e  n a c e l l e  
pos i t i on .  The poorer performance for the wedge nozz le  conf igura t ion  resu l ted  from 
the lower internal  performance of  this  nozzle .  A t  6v = 0 , moving t h e  2-D C-D 
nozzle e x i t  t o  t h e  a f t  p o s i t i o n  had l i t t l e   e f f e c t ,  and the configurat ion with the 
axisymmetric nozzle had essentially the same performance as the  conf igura t ion  wi th  
the  2-D C-D nozz le  ( f ig .  1 1 2 ) .  
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The ef fec ts  of  vary ing  nozz le  aspect r a t i o  or  n o z z l e  e x i t  v e r t i c a l  l o c a t i o n  on 
trimmed je t -on  polars  are presented  in  f igure  113 .  Increas ing  the  aspec t  ra t io  
from 1 t o  4 fo r  t he  SERN a t  e i t h e r  6, = 15O or 30° had e s s e n t i a l l y  no e f f ec t  on  the  
po la r s .  S imi l a r  r e su l t s  were found fo r  t he  conf igu ra t ion  wi th  the  wedge nozzle.  
However, t h e r e  w a s  a s ignif icant  decrease in  performance for  the AR = 4 SERN 
i n s t a l l e d  o v e r  t h e  wing, p a r t i c u l a r l y  a t  6, = 30 . With t h e  n o z z l e  i n  t h i s  p o s i -  
t i o n ,  t h e r e  w a s  a l a r g e r  nose-down moment t o  t r i m  which required canard def lect ions 
5O t o  7O grea ter  than  when the nozzle  was located under the wing. 
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In-Flight Thrust-Reversing Characterist ics 
Thrust  revers ing is an  e f f ec t ive  means f o r  d e c e l e r a t i n g  a n  a i r c r a f t  i n  f l i g h t  
( r e f .  2 ) .  High thrott le sett ings can be maintained, thereby taking advantage of the 
s ign i f icant  engine  a i r  flow ram drag component i n  a d d i t i o n  t o  the reversed gross  
thrus t .  Opera t ion  of  th i s  type  of  reverser  e l imina tes  the  need  t o  "spool up" the  
engine from an i d l e  power s e t t i n g  and reduces time to  r eacce le ra t e  t o  the  des i r ed  
speed.  Although no def ini te  requirements  for i n - f l i g h t  r e v e r s e  t h r u s t  l e v e l s  have 
been e s t ab l i shed ,  an  in - f l i gh t  r eve r se  th rus t  (d rag  d i r ec t ion )  o f  30 percent  of  
forward thrust  w a s  assumed i n  some e a r l y  s t u d i e s  summarized i n  r e f e r e n c e  2. However, 
fo r  l and ing  ope ra t ion ,  r eve r se  th rus t  l eve l s  o f  50 percent  of  forward thrust  are 
des i r ab le  fo r  e f f ec t ive  g round- ro l l  r educ t ion .  Some l i m i t e d  t h r u s t  r e v e r s e r  tests 
were conducted with the high-aspect-ratio wedge nozz le s  in  the  cu r ren t  i nves t iga t ion  
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( f i g .  6 ( b ) ) .  The r eve r se r  w a s  t e s t ed  wi th  and without reverser-panel sidewalls.  
These s idewal l s  are intended t o  prevent spil lage of the exhaust f low around the sides 
of  the  reverser  pane ls .  
In - f l i gh t  t h rus t - r eve r s ing  cha rac t e r i s t i c s  are p r e s e n t e d  i n  f i g u r e s  114 and 115. 
S ign i f i can t  dece le ra t ion  capab i l i t y  is  indica ted .  Thrus t  reverser  e f fec t iveness ,  
which is  the  ra t io  of  C(D-F) a t  reversed- thrus t   condi t ions  t o  C(D.F) a t  forward- 
t h r u s t   c o n d i t i o n s ,   v a r i e s  f r o m  0.94 a t  M = 0.60 t o  1.00 a t  M = 0.87 (a t  CL = 0 ) .  
These va lues  fa r  exceed  the  assumed in- f l igh t  goa l  of  30-percent  reverse  thrus t  and 
exceed  the  values a t  s ta t ic  cond i t ions  ( f ig .  34). This increase  i n  r eve r se r  e f f ec -  
t iveness  a t  forward speeds results from s ign i f i can t  base  d rag  on the  rear face of  the 
deployed reverser  panels  ( ref .  3) .  There is about a 6-percent  reduct ion  in  reverser  
e f f ec t iveness  wi th  the  r eve r se r  s idewa l l s  o f f  when compared with the configurat ion 
wi th  s idewal l s  on. It should be noted that  in  order t o  achieve 30-percent reverse 
t h r u s t ,  t h e  r e v e r s e r  would have t o  be deployed t o  some intermediate  posi t ion.  
Moment c h a r a c t e r i s t i c s  ( r e f .  1 4 )  show no sharp change occurred because of 
reverser  opera t ion .  However, there  could  be  adverse  e f fec ts  on  t ra i l ing-edge  f lap  
e f fec t iveness  such  as those  shown in  r e fe rence  16 .  Add i t iona l  t e s t ing  is  requi red  t o  
eva lua te  the  e f fec ts  of  the  reverser  exhaus t  f low on la teral  s t a b i l i t y  and con t ro l .  
CONCLUSIONS 
An investigation has been conducted in the Langley 16-Foot Transonic Tunnel to 
de te rmine  the  aeropropuls ive  charac te r i s t ics  of  an advanced t ac t i ca l  f i gh te r  des igned  
fo r  supe r son ic  c ru i se .  The ob jec t ives  o f  t h i s  i nves t iga t ion  were t o  eva lua te  the  
following: (1) the  performance  characterist ics  of  advanced  nonaxisymmetric  nozzles 
i n s t a l l e d  i n  v a r i o u s  n a c e l l e  l o c a t i o n s ;  (2)  t h e  e f f e c t s  of thrust- induced forces  on 
o v e r a l l  a i r c r a f t  aerodynamics; ( 3 )  trim charac t e r i s t i c s ;  and  (4 )  t h rus t  r eve r se r  per- 
formance. The major model var iables  included nozzle  power se t t ing ;  nozz le  duc t  
aspec t  ra t io;  forward, mid,  and a f t  n a c e l l e  a x i a l  l o c a t i o n s ;  i n b o a r d  and outboard 
underwing nace l l e  l oca t ions ;  and  underwing  and  overwing nacel le  locat ions.  Thrust-  
vector ing exhaust  nozzle  configurat ions included a wedge nozzle,  a two-dimensional 
convergent-divergent (2-D C-D) nozzle ,  and a single-expansion ramp nozzle (SERN) , 
a l l  w i th  de f l ec t ion  ang le s  up t o  30°. In  addi t ion  t o  the  nonaxisymmetric  nozzles, 
an axisymmetr ic  nozzle  instal la t ion was a l s o  t e s t e d .  The use of a canard for  t r i m  
was a l so  assessed .  
The r e s u l t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h e  f o l l o w i n g :  
1. The 2-D C-D nozzle ,  the  SERN, and the axisymmetric nozzle had comparable 
internal performance a t  s t a t i c  condi t ions.  The wedge nozzle performance w a s  3 per- 
cen t  lower than  the  o ther  nozz les  tes ted .  Increas ing  duc t  aspect ratio from 1 t o  4 
d id  no t  s ign i f i can t ly  a f f ec t  t he  in t e rna l  pe r fo rmance  o f  e i the r  t he  wedge nozzle or 
the SERN. 
2. A t  z e r o  - l i f t ,  t h e  2-D C-D nozzle and SEW configurat ions had equal  untrimmed 
drag-minus-thrust performance. The wedge nozzle  configurat ion had poorer performance 
because of l o w  nozzle internal performance. The conf igu ra t ions  wi th  e i the r  t he  2-D 
C-D nozzle or SERN also had e s s e n t i a l l y  t h e  same trimmed jet-on drag-minus-thrust 
polars a t  a Mach number of 0.87. 
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3. The conf igura t ion  wi th  the  2-D C-D nozzle  had bet ter  untrimmed drag-minus- 
t h r u s t  performance a t  zero  l i f t  than  the  conf igura t ion  wi th  the  ax isymmetr ic  nozz le  
for  bo th  the  dry  and the  a f te rburner  nozz le  power se t t ings .  For  the  a f te rburner  
power se t t i ng ,  t he  conf igu ra t ions  wi thou t  t h rus t  vec to r ing  had nearly equal trimmed 
je t -on  polars  a t  a Mach number of 0.87. 
4. For the  underwing nace l le  loca t ion ,  nozz le  aspec t  ra t io  e f f e c t s  were small 
except a t  a Mach number of 1.20, for which the high-aspect-rat io  nozzles  (aspect  
ratio of 4) had poorer performance because of a n  i n c r e a s e  i n  n a c e l l e  wave drag. 
5. A decrease of 8 t o  9 pe rcen t  i n  j e t -on  d rag  due to l i f t  w a s  achieved by 
th rus t  vec to r ing  30° a t  Mach numbers of 0.60 and 0.87 for  the  conf igura t ion  wi th  the  
2-D C-D nozzle. There w a s  no e f f e c t  on drag due t o  l i f t  a t  a Mach number of 1.20. 
S i m i l a r  r e s u l t s  would be expected for  the wedge nozzle and the SERN because nozzle 
type d id  no t  a f f ec t  d rag  due t o  l i f t .  F u r t h e r  d e c r e a s e s  i n  d r a g  due t o   l i f t  were 
ob ta inab le  fo r  t he  in s t a l l a t ions  wi th  the  h igh -aspec t - r a t io  nozz le s ,  as a l a r g e r  
por t ion  of  the  wing is  inf luenced by t h e  e x h a u s t  e f f e c t s  o f  t h e  h i g h e r  a s p e c t  r a t i o  
nozzles.  
6. The configurat ion with 15O t h r u s t  v e c t o r i n g  had b e t t e r  trimmed drag minus 
th rus t  t han  the  one with Oo t h r u s t  v e c t o r i n g  (for the chosen moment re ference  center )  
because  the  thrus t  ax is ,  which inc l ined  downward, w a s  l oca t ed  below the  model r e fe r -  
ence ax is .  
7. S ign i f i can t  i n - f l i gh t  dece le ra t ion  capab i l i t y  w a s  demonstrated with the wedge 
nozz le  th rus t  r eve r se r  (duc t  a spec t  r a t io  o f  4 ) .  Drag-minus-thrust  values  for 
r e v e r s e  t h r u s t  were 94 and 100 percent  of drag-minus-thrust values €or forward thrust  
a t  respec t ive  Mach numbers of 0.60 and 0.87. 
Langley Research Center 
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bThrust reverser data .  
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5. - NOZZLE CHARACTERISTICS : 
AR = 1, DRY POWER SETTING, 
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TABLE 7.- AERODYNAMIC CHARACTERISTICS: I U M  WEDGE NOZZLE, 
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"0026 .1834 m0230 -1894 
a0435 ,1785 e0231 a1837 
"0036 e2310 e0289 - 2 3 1 0  
36 












































































































4 . 0 4  
4.03 
4 . 0 2  
.04  
2.04 
4 . 0 4  
6 . 0 4  








2 . 0 5  
.02 
4.01 



































4 . 0 3  





. 8 3  



















5 - 4 0  
5 - 4 0  














































3 -00  




4 .50  
4 a 5 0  
5.42 
. 0 4  -. 00 
-.12 -. 20 -. 06 -. 11 -. 19 -. 23 
-. 0 5  06 -. 27 -. 36 
.oo -. 06 -. 11 -. 20 -. 29 
-.os 










-.G1 -. Ot -. 10 -. 17 
"23 -. 03  .Ol 
-.18 -. 30 
- e 0 3  -. 06 
"09 
-. 20 -. 15 -. 23 -. 30 -. 3 4  -. 07 
- a  26 
-. 13 





. 0 4  
- .05  
02 
- e 0 3  
-. 01 " 0 4  
-. 15 -.os 
" 0 4  
-.01 
.01 
-. 03 -. 08 -. 11 
- a  15 
" 0 4  
" 0 5  
.10 
.07 
"09 -. 20 




























































































































- e 0 7 6 3  
-e0766 
-.0767 




























































































e 0 0 0 5  
-a0003 
"0013 
































































- 0 0 5 7  


















-. 0060 "0065  
-a0055 
-e0041 





























- e 0 0 5 0  
-.0070 
-e0089 





















- e 0 0 4 5  
"0053 
-.OO52 
- . 0 0 4 4  
-no042 
"0056 
- e 0 0 6 4  
-moo73 
-.0036 
-.oooo -. 0000 



























1 .20  
1 .20  
1 .LO 
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1.20 
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1.20 
1 .20  
1 .16  
.95 








. I ?  
07 
I ?  
.87 
. I ?  

























TABLE 9.- AERODYNAMIC  CHARACTERISTICS: IUM WEDGE NOZZLE, 






- . O l  









10 .01  
16 .58  








10 .02  






15 .00  






4 e 0 0  
-.01 
4.00 























6 .62  
6 .64  
6 - 6 1  
6.61  




9 .35  
9.31 
5 .40  




5 .40  
2.41 
2.42 
2 .41  




















3 .01  
3.01 
3 .01  
3.01 











-.Ob -. 37 -.27 
-.c1 -. 11 -. 19 -. 30 
36 -. 14  
-. 15  -e  1 3  
-e05 
- .27 
- .11 -. 1 0  
03 
03  -. 07 
-.08 
-.08 
-e 0 3  
- e 0 6  
-. 07 -e09 
- .22  
- e  Ob -. 1 2  -. 11 
-e09 -. 14  -. 17  -. 11 
- e  16 
15  
.20 
e t 3  -. 05 - e  Ob 
-e05 
" 0 5  
.02 






-.c4 -. 09  
- .12 . 07 
-.GB 
e05 -. 10 . G3 















e1258 " 0 6 7 4  







-0904  -e0152 
-3874 ,0374 
-8736 a2626 







a9028 e 2 3 1 2  
-e0673 " 0 9 0 2  
,4079 -e0354 
,1040 -e0894 
e l 2 1 5  -a1459 
a8852 ,1793 
e0723 e0199 











e3943  -e0339 
"0379  -e1655 
-8769 e1834 
- 1 2 3 7   - e l 6 2 6  
-4174  - . lo97 
-1314  -a2137 
,9128  e1 1
. o 9 ~  - .an0 
CH C L I E R O  
, 0495   "0575  
.0407 e l l129  
-e0040 b907 
,0205  ,38 4 
-0494  -e0564 




e0277  -28 3 
a 0 0 5 7  e6073 
e0016 6663 




-0415  -1054  
0478 1038 
,0434 e1009 
.a533 . a t 6 1  
e0498 e0777 
0470 078 6 
a0482 -e0834 
,0522 -3760  




e0479 -1669  
-0424  e0824 
0447 651 5 
,0494 a3724 
.041? . I 6 9 0  
-0452  ,0804 




e0541 -0723  
,0401  ,0819 
e0323 -e0628 
no330 ,0885 
e0621 -8270  
0421 3602 
e0320 ,0121 






,0615 -8292  




-0577  a8281 


























































































. o l e 1  
.O205 



























CFJET  CHJET 
-0361  -e0022 
e035b -e0023 
a0333 -e0023 
-0349  -e0023 
-074s  -e0036 
e0738 - e 0 0 3 6  
e 0 7 3 2  -moo36 
.0?24 - e 0 0 3 6  
e0712 -e0036 
.Ob89 -e0036 
,0683 - .0036 
e1111 -e0048 
-1101  - .0048 







e0963 " 0 0 5 2  
e 1014 -e0055 
e0354 -a0011 
e0349 -e0011 
e0339 - .0011 
,0318 -a0011 
0706 -e0045 
-0711  -e0045 
e0701 - e 0 0 4 5  
e0695 - e 0 0 1 5  
e0688 -e0045 
.Ob82 - e 0 0 4 5  
e0660 - e 0 0 4 5  
e0640 - a 0 0 4 5  
1099 -e0059 
a1059 " 0 0 5 9  
e0997 -e0059 
0.0000 0.0000 




e0657 - .0018 
-0615 -e0018 
,1085   - .om9 
- 1 0 4 0   " 0 5 2  
e1034 -.0052 
1018 -e0051 
1027 " 0 0 5 2  
e1008 -a0051 
-0997 -e0051 
0967 -. 0051  
-0936 -e0051 

































































TABLE 10.- NOZZLE CHARACTERISTICS: IUM WEDGE NOZZLE, 
MACH 
1 .20  
1.20 
1.20 
1 .20  
1.20 
1.20 




























. 8 7  
.87 
. 87  
.87 
.87 
. 8 0  




-60  . 60 




~ 6 0  
60 
rn 6 0  
60 
60 
- 6 0  
60 
.n7 
AR = 1, A/B POWER  SETTING, 6, = 15O 
ALPHA 
. 00 
4 . 0 3  
1 0 . 0 0  
16.85 
-.01 
1 .99  
4 . 0 3  
6.02 
8 .02  
1 0 . 0 1  
15 .00  
16 .42  
-.oo 
10 .01  
4.00  
16.58 
4 .01  










2 . 0 1  
4 - 0 3  
6.00 
7.99 
10 .01  
15 00 
19 .21  
4 . 0 0  
.oo 
10 .01  
18 .53  
3 .99  
4 . 0 0  
4 .00  
- . 01  
4 . 0 2  
10 .01  
19 .02  
2.01 
. O l  
4 .01 
b.00 
8 . 0 2  
1 5 - 0 0  
10.02 
19.00 
. O l  
10 .00  
3 . 9 9  
19 .00  
4.02  
N P R  
3 . 8 1  
3 .81  






6 . 6 1  
6 . 6 1  
6.62 
6 . 6 1  
9 . 3 0  
9 . 3 5  
9 . 3 1  
9 .35  
5 -40 
- 9 2  
5 .41  
5 .40  
5 -40 
5 . 4 0  
2.42 
2 .61  
2 .41  
2 . 4 1  
3 . 9 1  
3 -92  
3 . 9 0  
3 .91  
3 . 9 0  
3 .91  
3 a92 
3 . 9 1  
5 . 4 0  
5 .40  
5 . 4 3  
5 e 4 2  
7 . 6 8  
1 . 0 3  
5 . 4 0  
2 .29  
2 . 3 0  
2 e 3 0  
2.30 
3.01 
3 .01  
3 .01  
3 .01  
3 e 0 1  
3 - 0 0  
3.CO 
3 .00  
4 . 5 0  
4 . 5 1  
4 . 5 0  
4.5C 
5 .41  
CANALP 
-. 06 - .OB -. 27 -. 37 
- . O l  -. 11 
30 
-. 19 -. 36 -. 14 -. 1 3  
"15 -. 05 
27 -. 1 1  
- . l o  
"03 -. 0 3  -. 07 
-.t8 
" 0 6  
-. 0 8  
-. 09 - e  t 3  
- e  07 
-.22 
-.Ob -. 12 
17 -. 09 
-. 17 -. 14  -. 1 1  -. 16 . 20 
. 15  
-03 
- .Ob 
"05 -. 05 -. 0 5  
.02 
- 0 1  
- e t 6  -. 16 . c 4  
03 
.02 
.oo -. 02 




- 0 5  
"03 -. 10 
.t3 











































. 0 2 0 4  
-0299  
a 0 4 6 6  




- 0 3 4 0  



































- e 0 7 3 4  
-.0728 




















- . l o 1 1  
- . l o 2 2  
-e0971 
-a0930 
- . I 8 6 4  
-a1831 -. 1774 















































- . O O k O  
- .0042 
- e 0 0 5 0  





- e 0 0 5 4  
-.0062 
- a 0 0 8 3  





- e 0 0 4 7  
- a  0023 









e 0 1 8 4  
-.0022 
-0007  
. O O l l  
,0005 




























n o 0 3 8  
.0050 


























































































































e 6 0  
60 
60 



















- 0 5  




4 .03  





































4 .05  




4 .03  
















































3 -00  
2.99 
2.99 
2  -99 
2 e99 
2 e99 










AR = 1, A/R POWER SETTING, 
CANALP 
.O1 -. 11 -. 4 4  -. 3 4  -. 11 -. 16 -. 33 -. 22 -. 01 -. 40 
- a  06 -. 10 
. 28  -. 10 -. 11 -. 22 
.08 
- e  62 
.08 
-. 05 -. 0 4  
- e 0 4  
.05 -. 10 .Ol -. 26 -. 27 
07 . c3 
-.00 
- .24  
0 3  
.00 
-.c3 
-.os -. 10 
- e  15 
- e  26 
03 
31 -. 07 
- a  19 -. 35 
- a  05 






-.OB -. 11 "09 
15 
- a  03 
" 0 5  
-.t7 
-. 06 -. 14 
- .Ob 


























































































e 3 0 3 4  
























- e 0 6 8 7  













- e 0 2 0 3  e7029 
e0036 -3904 
,0339 - e 0 5 4 8  
,0289 -0239 
- 0 2 4 4  -1059 
e0117 ,2871 
,0187 a1958 
e0065 e 3 0 4 3  
-e0110 a 6 0 8 0  
-.0168 ,6793 
e0337 - e 0 5 8 6  
e0232 1006 
-a0200 e 6 0 8 9  
.0044 3794 
-0253 -1127 




e 0 0 0 0  -1063 
e0431 -.OB22 
.Ob24 ,3790 
,0381 - 0 8 4 7  
a 0 3 3 3  ,8162 
,0264 -.Ob26 
























































































e 0 2 3 0  
e0264 




















e 0 2 4 7  
e2952 















e 0 3 3 4  





















































C F J E T   C P J E T  
-0340  -.OO01 
,0328 - a 0 0 8 0  
-0313 -a0081 













-0903 - e 0 2 3 8  
0.0000 0.0000 
e 0 5 6 8  -mol48 






































el390 - .0450 
-1559 -e0458 
e1653 - a 0 4 5 8  
e2113 - a 0 5 5 0  
e2439 -a0615 
C T  
-0363 



























































e 2 3 3 4  
,2606 
40 
TABLE 12.- THRUST-=MOVED NOZZLE CHARACTERISTICS: I U M  WEDGE NOZZLE, 
AR = 1, A/B POWER SETTING, 6, = 30° 





















~ 9 1  
92 
.87 
























- 6 0  
-60 
- 6 0  
60 
6 0  
-60 
60 












. 0 5  





































. 0 2  






















3 e 8 0  
t a b 0  
6 . 6 2  
6.61 
6.59 
6 - 6 0  















































4 . 5 0  
4.50 
4 -50 
4 . 5 0  
5.40 
6 . 0 5  
CANALP 
.Ol -. 11 -. 34 -. 45 -. 11 -. 1b -. 22 
-.33 -. 40 
-.01 
-.Ob -. 10 -. 10 -. 11 -. 22 
.08 
-. c2 . 0 8  -. 05 -. 04 -. 04 
. 0 5  
-. 10 .01 
" 2 6  
-.27 
G ?  
- 0 3  
-.OB -. 2 4  
.c3 
.oo 
- e 6 3  
-. 10 -. 05 
-. 26 -.15 
- a  31 -. b3 
- e  07 
-. 35 -. 19 
- a  05 
" 0 6  -. 10 -. 18 
-.c5 -. 05 
-.Oh 












- 0 5 8 0  
.0422  
































































- a  0701 
-.Ob83 











































- a 3 8 2 6  
-.Dl55 
-.Ob82 







































































CLAN . COIN 
,0094 e 0 0 2 9  
-0239 e0058 
e0361 -0103 
- .0022 .0001 
,0004 - .OOOO 
-0031 -.OOtO 
-0092 e0009 
.0061 e O G 0 4  
*022V e0045 
,0122 -0016 
- 0 2 5 3  a0061 
-.GO37 -no009 
- e 0 0 9 0  -e0003 



















-0219 - 0 0 4 2  
.0234 ,0051 




















- 0 2 8 9  ,0143 
-0201  .0050 




















. 8 7  
.87 
. 8 7  
. 8 7  
.a7 
.87  
. 8 7  






























e 6 0  
60 
60 
- 6 0  
60  
60 





6 .03  
8.00 
10.00 




10 .00  





6 - 0 0  
10.01  
8 .03  












6 .01  
7.99 







19 .17  
.02 
2 .03  
4.02 
6.01 
10 .01  
8.01 






19 .20  
4.01 
NPR 
I . 0 1  
1 . 0 1  
1 .02  
1 .02  
1 .01  






2 .42  








3 .91  
5 .43  
5 .41  
5.40  
5.40 
7 . 8 3  
5 . 4 0  
5 .40  
1 .oo 
1 .00  
1 .oo 
1 . 0 0  
1 .00  
1 .00  
.99 
.97  
2 .33  
2 .32  
2.31 
2.31 










4 .51  
4.50 
4.51  
4 - 5 1  
5 .41  
AR = 1, A/B POWER  SETTING, 
CANALP 
. 0 2  
-.Ob 
0.00 




.02  -. 0 1  
-.05 -. 0 5  "15 -. 02 -. 04 
- . 0 1  
- . U l  
- e  04 
-.12 
- .c3  
-. 03  








- . 0 1  
-.02 
-.02 
- . c 4  
-e05 
03 
- . G 1  
- .07  
- . 0 1  
-.LO 
-. 00 .02 -. 0 2  
- . G 1  
0.00 
- .02 
















-so985  -e0162 
e1628  -e0092 
-0697  -e0179 
e3770 a 0 3 4 6  
.e493 -2481 
-e1010 -a0522 
























. l 5 8 4  " 0 4 6 5  
- 3 5 7 7  - a 0 0 6 4  
" 0 8 5 7  - a 0 8 8 1  
,8565 -2174 
-.0034 "0905 
,0770 - e 0 8 8 5  








.3701  "1197 
e0733 -e2168 
.e881  ,1099 
CH  CLAERO 
0748 1060 
e0701 e0647 




-0727  -6455 
.Ob88 e 8 4 0 3  
- 0 7 6 7  -a0959 
0729 e3698 
e0757 'e1616 
. o l e 1  . 3 7 3 3  
e 0 6 8 5  e 8 4 0 4  
- 0 8 1 0  -e0951 


















e0592 - 1 5 9 1  
Ob78 -3467 
e0796 e b l k 3  
.Ob04 -. 0778 - 0 8 9 9  - 8 2 5 9  
e0614 a0772 
-0757  a3505 
- 0 6 6 2  - 1 5 6 1  
,0954 -8362 
-0643 ,0012 
,0652 - n o 7 7 4  
e0711 ,1580 
a0660 . 0 7 8 0  
,0756 -2524 
e0795 ,3486 
0987 - 8 4 0 1  
- 0 8 9 1  ,6198 
.Of14 "0713 
e0775 -1637 
0722  ,0819 
a0861 ,3536 
. l o 8 7  .a425 
- 0 8 3 1  .0770 
C O A E R O  C L J E T   C F J E T   C H J E T   C T  
a0215 











- 2 8 3 1  
.0164 
e0198 
















- e 0 0 3 5  
-.0010 
.0016 

















e 2 8 2 6  0.0000 







- 0 1 5 0  - e 0 0 4 6  
,0170 -.0010 







,0233 - 0 0 3 8  
,0629 e0164 








































































. o r 1 0  

















































- 0 2 3 1  
e0231 
e0231 











































- 0 7  
.0? 
.8? 




















e 6 0  
e 6 0  
-60 




- 6 0  




- 6 0  
- 6 0  
6 0  
e 6 0  
a 6 0  
- 6 0  
-60  
- 6 0  
-60 
-60  
a 6 0  
-60  






TABLE 14.- AERODYNAMIC CHARACTERISTICS: OUM WEDGE NOZZLE, 
AR = 1, A/B POWER SETTING, 6, = 15 0 
ALPHA 
2 . 0 1  
.02 
4 .02  
6.02 
I e 0 3  
10  e04 
15.01 
10 e69 
e 0 4  







6 . 0 1  
10 .03  
0 .02  
15.02 
19 .04  
4 . 01  
- 0 3  
6 . 0 3  
10.02 










19 .19  
-.oo 





2 . 0 4  
4.02 
R - 0 3  
6 . 0 2  
10 - 0 4  
15.04 







NPR  CANALP CL C ( 0 - F I  
1 . 0 2  
1 . 0 2  
1 .02  
1 .02  
l e 0 1  
1 .00  
.97  
.94  
2 .43  
2 .41  
2.41 
2 . 4 0  
2.41 
3 .91  
3 .91  
3 .90  
3.91 
3 .91  
3 .91  
3 .91  
3.90 
5 .38  
5.39 
5 . 3 9  
5 . 3 9  
5 -41  
7.60 
5 . 4 1  
I .oo 
1 .oo 








2 . 3 0  
2 .30  
2 .30  
3 .00  
3.02 
3 . 0 2  





4 . 5 0  
4 . 5 1  
4 . 5 1  








- - 0 9  
-.oo 
-.02 







- .04  
- .03 
- .01  
" 0 4  
" 0 4  
- e 0 3  
.04  
" 0 3  
"05 
-a05 - -05 











- 0 3  
-03 
.02  
- .03  
- .02  
- .01  
" 0 3  
- .04  
- . 0 4  
- .02 
-.OS 
- e 0 3  
- .04  
-.oo 
-.oo 
" 0 3  
"05 
.O1 
- . l o 1 6  
- .0171 
.0708 




















e 4 2 2 4  











. e387  






























































































,0439  -0901 
,0520 -6746 
-0612 -e0859 
- 0 5 8 6  -1769 
-0597 ,3876 
-0459 - 0 5 2 8  





























































































































































e0708 - e 0 0 4 5  
e0701 -e0045 
.Ob96 -e0045 
.Ob88 - .0045 
e 0 6 0 0  -e0045 
-0661 -e0045 
-0639 -e0045 
. l o 9 0  -moo58 



















. l o 4 3  - .0052 
-1041 -a0052 
e l 0 2 5  -e0052 
. l o 3 8  - .0052 
.lo07 "0052 
























































































































































































































4 .04  
2.05 
.OS 
5 - 0 4  
6 - 0 4  
10.06 








- 0 3  
2.06 
6.06 
5 - 0 6  




- 0 3  
4.04 




4 - 0 4  
4 .05  
AR = 4, A/B POWER SETTING, 8, = Oo 




























5 - 5 2  






































































-.*2 -. 68 -.57 
-.29 
-.33 -. 39 
-.55 
-. 47 -. b1 -. 71 -. 72 
"32 
-. 51 " 4 2  -. 64 -. 74 
-.52 -. 52 
-.53 





-.55 -. 59 
" 6 8  
" 7 4  
" 4 2  -. 45 -. 49 -. 72 -.58 -. 40 







-. 70 -. 57 
-.47 




















" 0 7  
"05 
- 0 6  
.02 






























































, 3 6 0 3  
-0570 
- 0 5 6 6  


























s o t 5 5  
-0576 

























































- e 0 8 5 4  
-.0847 





























- . I f 3 6  
. o m  
-0593 
~ 0 5 6 3  





























m 091 3 
.Ob89 
.Ob70 






























































































~ 6 1 3 8  
























































































































































































































- e 0 0 5 5  
-so017 
,0021 



























































































































































































































































































TABLE 16 .- NOZZU CHARACTERISTICS : IUM WEDGE NOZZLE, 
AR = 4 ,  A/B POWER  SETTING, 6v = Oo 
M A C H  
1.20 
1.20 



















1 .20  
1 .20  
1 . 2 0  










. 87  
. 8 7  
. 8 7  
. 8 7  
.07 
.07 
. 8 1  






- 6 7  
. 8 7  
-87 
.87 
. 8 7  
. 8 7  
- 8 7  
.e7  
.87 . 8 7  
. 87  
. E 7  
.87 
.BO 
- 6 0  . 60 -60  
m 60 
-60  
- 6 0  
-60  
-60  
- 6 0  . 60 
- 6 U  
m 60 
m LO 
- 6 0  
’. 60 -60 








- 6 0  
~ 6 0  
.60 






8 . 0 6  
10.04 
15 .03  
1 6 - 5 9  
-05  
2.03 
6 - 0 6  




- 0 5  
6 .03  
4 - 0 6  




- 0 4  
4 .04  




5 .02  
5 - 0 1  




5 - 0 6  
6 . 0 3  
8 . 0 4  
10.05 
19 .02  
15.02  
- 0 3  
6 - 0 4  
4.05 
10.04 
19 .04  
2.03 
. 0 4  
4 . 0 4  
6.06 
10 .04  
8 . 0 8  
15.05 
19.02 





1 8 . 9 4  
4 . 0 6  
4 .06  
.04 
2 . 0 5  
4 - 0 5  
6 . 0 4  
10.06 
8 .04  
15.00 
19 .14  
4 . 0 4  
- 0 3  
6 .05  
10.05 
19.16 
2 - 0 6  
s o 3  
6 - 0 6  
5.06 
10.04 
1 5 . 0 4  
19 .1e  
- 0 3  
4.05  
6 - 0 5  
10.05 
19.16 
4 . 0 6  
4 .04  
5 - 0 5  
(1.04 
HPR C A H L L P   C N   C ( 0 - F l   C H N   C L AD N  
.70 
.72 
- 7 5  
. 75  
.75 




3 .81  
3.82 
3 .81  
3 .81  
3 .79  
6.L1 
t . 6 1  
6.61 
6.57 
6 - 6 0  
6.62 
6 . 5 8  
9 . 3 1  
6 - 6 0  
9 .28  
9.32  
9 . 3 5  
9 .31  
5 m42 
5 . 5 2  
5 . 4 2  
5 - 5 2  




1 .03  
1 . 0 3  
1.03 
1 .02  
2 . 4 2  
1 .02  
2.61  
2 - 6 1  
2 . 4 0  
2 .41  
3.90 
3 -90  
3.90  
3 - 9 0  
3 .89 
3 - 0 9  
3.90 
3 .90  
5 - 4 0  
5 . k )  
5 - 4 1  
5 . 4 1  
5 - 5 0  
5.39 
7 . 8 6  
5 . 4 2  
1 . 0 1  
1 .01  
1 .01  
1.01 
1 .01  
1 .Ol 
1 . 0 1  
1 . O C  
2.30 
2 .31  
2 - 3 1  
2 .31  
2.31 
3.02 
3 . t 2  
3 . 0 1  
3 . C 1  
3.01 
3.01 
3 - 0 1  
4 . 5 1  
3 .01  
4 -51 
4 .52  
4 . 5 2  
4 .51  
4 .51  
5 . 3 8  
b.ir3 
-.08 -. 11 -. 17 -. 29 -. 37 
“46 -. 57 
- . t o  
“2.3 -. 27 -. 33 -. 57 -.42 -. e0 -. 29 -. 33 
- .39 -. 47 -. 55 
- e 7 1  
- a  61 -. 72 
-.32 -. 52 
- e  5 1  -. 6 4  -. 74 
“52 -. ‘2 -. 53 
-.53 -. 51 
-.53 
“ 4 4  
“ 4 6  -. 50 -. 55 -. 59 
“ 6 8  -. 42  -. 74 -. 4 5  -. 49 
-.58 -. 72 
- a  40 
-.52 
- .55  -. 48 
“52 -. 57 
- .e5  -. 70 
-.5O 
- . 4 4  
-. 47 -. 4 7  -. 57 -. 70 
- .47 
- .46 -. 41 
- .41  -. 05 “ 0 5  
- a  05 
“07 
-.I1 
- . l o  
.02 
0 .00  -. 00 
- .03  -. 07 
.03 
- 0 3  
.02 
- . O l  
.Ol 
-.c5 -. 67 





. O l  




















- a 0 0 5 2  
.0017 





n 0 0 2 6  











~ 0 0 3 5  






























- 0 1 3 6  
-.0122 
-.00511 
- s o 0 1 3  
.OOCZ 
- 0 2 4 5  


















. O O W  




- 0 0 3 2  
-.0301 
- a 0 3 2 0  
























- s o 0 3 3  
- . O O 2 9  
-moo25 




- e 0 3 6 8  
- a 0 3 6 8  
-no371 












- a l l 1 5  
- . l o92  
-.1758 
-e1327 











“ 0 6 5 7  
-.Ob97 
-.lo45 
- . l o47  





- . lo09 
-a1815 
-a1830 
- a 1 8 3 0  
-.la41 
- . I 7 9 4  
-.le27 
-e2318 
- . 2654  
-.oren 
.0041 





























.0001 - . 0000 
-.0001 
-.0002 
- .0004  
-.0017 
- e 0 0 3 9  
-0025 



































a 0 0 6 4  




- 0 0 2 5  
-0106 
~ 0 1 0 6  
.0118 
.0110 
. 0087  

































- .d l56  
-.0219 
- s o 2 0 5  





a 0 0 3 5  
.0027 
~ 0 0 7 3  










- s o 0 5 2  























~ 0 0 6 7  
-.0009 
“0075 
“ 0 0 6 5  















































- 0 0 0 3 5  
-.JO7.9 
- s o 0 3 3  
-.0023 
- s o 0 2 5  
- e 0 0 0 5  
-.0014 
a 0 0 0 5  






























- 0 0 2 6  
.0041 
m00511 




. 0 0 5 6  
.0049 
-0054 




. 0 0 5 8  
.0041 
- 0 0 4 5  
,0034 
45 













































e60 . 6C 
~ 6 0  







- 6 0  
~ 6 0  
60 
- 6 0  



























































4 . 0 3  























2 . 4 0  
2.39 





































AR = 4, A/B POWER SETTING, 
CANALP CL C I O - F )  
-.01 -. 13 -. 19 -. 34 
- .48  
"19 








51 -. 65 
-.44 -. 39 -.35 
- e  40 
50 -. 66 -. 34 
36 
-.38 





- e 3 2  





- a  03 
-.02 
"05 
O b  






"07 -. 09 
.02 -. 01 .01 
-.O2 
-.OB 



























































































































e0215 a 4 0 0 6  
-0036 6873 
a0516 "0312 
,0438 . -1296 
.0477 -0469 
-0379 e 2 2 3 0  
-0257 e4126 
,0317 e3159 
















a 0 4 2 5  e0871 
e0483 -2742 
04k7 6605 







-0426  e1260 
e0287 "0456 




















6v = 15 0 



































e 0 3 1 2  


































































































a 0 3 6 0  -.0030 
a0356 -e0030 









00637 - e 0 0 1 1  

















































- 0 3 6 3  
-0732 






































TABLE 18.- NOZZLE CHARACTERISTICS: IUM WEDGE NOZZLE, 





















. 8 7  
. 8 7  
.87 
.87  
. 8 7  
.87 . 87 








. 8 7  
.87  
. 8 7  
- 6 0  
-60 
- 6 0  
- 6 0  
- 6 0  
6 0  
- 6 0  
6 0  
- 6 0  
- 6 0  
60 
- 6 0  
60 
- 6 0  





























4 . 0 4  
6.17 
0 4  

























4 . 0 3  










4 . 0 3  
4.02 
4.01 




3 .82  
3 . 8 4  
6 .62  








9 . 3 3  
9 . 3 0  
9.30 


















5 . 4 0  
7.55 




2 - 3 0  
2.30 
3 .00  
3.0U 
2 . 9 9  
3.00 
3 e 0 0  
3 - 0 0  
2.99 
3 . U 1  
4.51 
4 . 5 0  
4 . 5 0  




5 . 4 2  
-. 24 
-.28 
- .33 -. 40 
- . 45  
-. 59 -. 57 
-e  23 
31 -. 39 -. 51 -. 65 
-.44 
- . 35  -. 39 
- e  40 -. 50 -. 66 -. 3 4  -. 36 -. 38 
-.41 -. 45 
43 -. 57 -. 63 -. 32 -. 36 
- e  40 -. 47 
6 3  -. 38 -. 0 2  -. 0 3  
- .c2  
-.G5 
- 0 6  
. @ O  -. 02 
-.G5 
-.09 






















- 0 2 2 5  


















e 0 3 4 6  











































- a 0 5 2 5  















- e 0 9 2 3  












- e 0 0 3 5  
-.0048 
- e  00 61 
-e0098 
-.0107 
.0002 - .0020 
"0033 













- e 0 0 3 4  
-.01?3 
- a  0041 















-e0149 -. 01 67 
-.OO7O 
-.0080 
- e 0 0 8 5  
-a0095 
"0133 -. 0078 
- e 0 0 5 4  
- .0084 



































e 0 3 9 2  





















e 0 3 4 7  
- 0 0 6 3  
e 0 0 5 8  











































~ 0 0 9 0  
009 1 
.0111 






TABLE 19.- AERODYNAMIC  CHARACTERISTICS:  IUM E D G E  NOZZLE, 
MACH 
1 .20  
1 .20  
1 . 2 0  
1 .20  
1 .20  
1 . 2 0  
. 8 7  
. 8 7  
.87  
. 8 7  
.87 
. 8 7  
. 8 7  
.87  




. 8 7  
. 8 C  . A7 





. e 7  
.87 
. 8 7  
. 8 7  
. 8 7  
. 8 7  . R7 
. 8 7  
. 8 7  
.87  
. 87  
.87 
. 87  
.87 
.87  
. 8 7  










6 0  
60 
-60 
- 6 0  
~ 6 0  
-60 
-60 







6 C  
6 0  
-60 
.60 
~ 6 0  
.60 
6 0  
-60  
6 0  
-60 
60 
- 6 0  




4 .00  
3.99 
4 .01  




4 .00  
4.01 
- .01  
4 .01  
1 . 9 9  
4.02 
8 . 0 0  
5.98 
9.98 
15 .01  
1A.40 . 00 
.oo 
1.98  
3 .99  
8 . 0 0  
5 .99  
15 .01  
9 .99  
1e .70  
- .01' 
4 .00  
1 .99  
5 .99  
10 .01  
8.01 
14 .99  
1P.45 
1 . 9 8  
.oo 
4.01  
5 .99  
8 .02  
10 .01  
15 .00  
18 .43  
4 - 0 1  
4 .01  
4 .00  
4 . 0 2  
2 .01  
.oo 
4.00  








6 .03  
e .02 
15.01  
10 .00  
18 .82  
-.01 
3.99 
1 .99  
6 -02 
7.97  
1 c . 0 1  
19.35 
15 .01  
1 .99  
. 00 
4 .01  
R e 0 2  
5.98  
9 .98  
14 .98  
19 .12  
hFR 
. e 7  
3 -06 
4.10  
10 .77  
6 .72  
10 .53  
1 .05  
3 .02  
6 - 1 0  
4.06 
7 .32  
1  .I34 
1 .04  
1 .06  
1 .06  
1 .08  
1 .06  
1 .07  
2.44 
1 -06 
2 . 4 6  
2.46 
2 .45  
2 .46  
2 .46  
2 .45  
2 .45  
2.46 
3.9R 
3 .98  
3.9P 
3 .98  
3.97 
3 -56  
4.00  
4.CO 
5 .50  
5 . 4 8  
5 .51  
5 .49  
5.50 
5 .52  
5 .49  
5 .51  
3 . O t  
1.03  
4 .59  
5 .7h 
1 .03  
1 .02  
1 .03  
1 .03  
1 .03  
1 .04  
1 .03  
2 - 3 6  
1 .02  
2 .36  
2 .36  
2 .35  
2 .34  
2 .36  
2 .36  
2 . 3 t  
3 - 0 7  
3.07 









4 - 5 6  
4 .58  
4 .57  
4 .57  
4 .58  
AR = 4, A/B POWER SETTING, 6, = 30 0 
CANALP  CL C(0-F) CB  CLAERU  COAERO  CLJET  CFJ T  MJET 
-02 -1165  -0544 -0491  
-02 -1422  -0293 ,0305 
-00 .1510 "0197 -0293  
- 0 1  ,1476  ~ 0 1 8 0  - 0 2 6 8  
"01 -1680 "0768 -0216 
.Ob -no024 -no784 ,0284  
"01 -0720  a0216 -0578  
"02 , 1523  "0157 -0094  
"02 -1586 "0404 .0062 
"03 , 1 6 2 8  "0927 ,0067 
"03 ,1673 -.1242 e 0 0 6 8  
-01  -a0973 -0243 ,0634 
-.G2 -3754  a0220 - 0 5 7 7  
-.01 -a0106 ~ 0 2 0 2  -0591  
" 0 2   - 1 6 4 .0302  e 61
"01 ,2670   -0474   -0638  
"00 - 3 8 1 3   ~ 0 7 5 3   , 0 6 1 9  
0.00 . b 6 2 0  ,1835  -0391
- 0 2  , 8 4 3 2   . 2 @ 7 1   - 0 5 8 1  
"01 -.0310  "0 64 - 204 
"02 "0317  - .0084  a0209 
- e 0 2  -0546  - .0092  - 180 
" 0 2  -1399  -no048 - 1 4 
-.O2 -2296  ,0056 ,0225 
"01 -3335  ,02497
" 0 0  -4477  0555 -0230 
.02 -7399  ,1725 -0115  
-so4 "0163 "0427 -0105  
- e 0 2  -9314  .287h -0093 
"11 -0727  -no428 -0065  
"01 -1604  "0376 -0072  
-no2 ,2523  -.0260 , 0104  
"00 -3569  - .0059 -0123 
"01 .4732 -0249 a0107 
-e03 -9441  -2507 ,0524  
-00 ,7594 .14G9 -0050 
- 0 1  -0836  - . 0 7 8 0  a0016 
e01 -.0066 - .0781 .GO56 
" 0 2  .I760 - .0718 - .0010 
"03 -3776  "0377 -0025  
"03 -2714  "0590 - 0 0 0 5  
"01 a4922 -.0068 , 0013  
"01 -7835 -1129 -.OObZ 
0 .00  ,9705  ' ,2242 -moo78 
"02 -1031  ,0213 ,0368  
"02 - 2 0 4 1  "0634 - .0170 
-.02 , 2639  -e1283 "0560 
" 0 2  -2430  -.2050 -e0347 
- 0 3  -.Ob14 ,0200 - 0 4 0 1  
-01  .0216 -0185 -0367  
"01 ,0988 .0212 -0370  
-.02 , 1815  ,0297 -0424  
"01 -3798  ,0 1   . 493 
- 0 1  ,2754  046 -0467  
" 0 2  .6413  ,17 4 -0618 
- .OO .0144 - .0422 "0049 
-00 ,8651  2997,076  
"02 ~ 0 9 6 8  "0407 -no064 
"03 -1733  "0346 "0047 
"03 m2blb -so229 .0001  
"-04 -4652  ,0247 ,0033 
"03 ,3605 -.0027 -0023  
"03 - a 7 4 0 5  ,1347  -0123 
"01 -9449  -2537  .0218
"03 e0334  -e0737  -e0168 
.GO , 1155  "0715  "0179 
" 0 2  , 1964  "0652  -.0172 
"01 , 2 8 2 7  -e0529  "0127 
-.04 -4925  -a0025 -so101 
"02 . 3835  "0323 - .0110 
"00 , 7739  -1115  -.OO22 
-.02 1 . 3 1 0 0  .252h .0062 
"01 ,1762 "1369 "0567 
a 0 2  e0904 -a1413 -SO553 
-no1 ~ 2 6 0 0  -a1285 "0556 
"03 ,3487 "1155 - .0528 
-.02 ,4562 "0916 "0517 
-so1  -5660  -.0580 -a0502 
"03 -8489  ,0613 "0434 
.OO 1.0819  ,2013  "0 53 
,1165  
1795 
- 1 3 1 1  
, 1 1 5 5  
-.OS46 
- 1 0 5 0  
,0720  
,1246  








- 3 8 1 3  
' .E432  
- 6 6 2 0  











- 2 1  74 
,4337  
,3198  
- 7 1 4 2  





~ 3 1 8 3  
-7118  
. a 9 3 3  
- 1 0 3 1  
1790  






















- 4 3 9 1  
- 7 1 3 4  
.9438  
. O l  e l  
. 1757  
,0980  
. 2 5 @ l  
.3595 
-4646 
, 7 3 3 8  
, 9554  
-0544  0.0000 0.0000 0.0000 
- 0 5 1 3  .0111 ,0219 -.0096 
~ 0 5 1 5  -0356  -0711 "0331 
-0540  .0181  -0360  - . 158 
~ 0 4 9 5  - 0 6 3 0  -1263  -.Ob04 
-0216  0.0000 0.0000 O . O O C 0  
e0250 -0206 -0407 -.0181 
-0271  e0339  ,0675 "0295 
-0270  -0599  .1197 "0553 
-0267  -0755  -1509 -.0708 
e0243 0.0000 0.0000 0.0000 
. 0 2 0 2  0.0000 0.0000 0.0000 
.0220 0.0000 0.0000 0.0000 
-0302  0.0000 0.0000 0.0000 
-0474  0.0000 0.0000 O . O O C 0  
-0753  0.0000 .O.OOOO 0.0000 
. l e 3 5  0 .0000  0.0000 0 .0000  
-2871  0.0000 0.0000 O.OOC0 
.Ole6  -0115  .0270 -a0148 
,0189 -0116  ,0273 "0149 
-0215  ,0134  -0263 -.0148 
-0177  a0126 -0269 -a0148 
-0312  -0143  -0257 "0147 
.05CO mol51 -0251 "0147 
. O B 0 1  . 0160  ,0246 "0147 
e1956 ,0182 -0232 -.014P 
-3095 ,019h nb220 -e0148 
a0233  e0 04  -0661 -e0283 
-0247  .0282 -0674 - a 0 2 8 4  
-0274  ~ 0 3 2 7  -0650 - .0283 
e0566 , 0371  -0625 -a0283 
-0865 -0395  -0616 - S O 2 8 5  
-1993  ,0451  , 0 5 8 4  - .0287 
- 3 0 6 1  -0484  -0553 - e 0 2 8 6  
e0274 e0482 -1054 "0474 
.0289 a0445 -1069  "0474 
-0322 - 0 5 2 1  -1040 -.0476 
-0434  -0598 ,1024 "0477 
,0625 ,0593  . l o 0 2  "0476 
,0916 , 0 6 3 0  ,0984 "0478 
.2060 ,0717 -0930 "0481 
-3129 -0772  - 0 8 8 7  - .0481 
-0235 -0440  ,0869 -.0381 
-0213  0.0000 0.0000 0.0000 
,0407  -0849  -1691  -e0756 
-0265 e1160 ~ 2 3 1 4  "1064 
.0200 0.0000 0.0000 0.00c0 
-0185 0.0000 0.0000 0.0000 
.0212 O.OOG0 0.0000 0.0000 
,0297 0.0000 0.0000 0.0000 
no664 0.0000 0.0000 0.0000 
-0715 0.0000 0 .0000  0 .0000  
.2997 0.0000 0 .0000  0 . 0 0 c 0  
.0092 .0220 ,0515 -.0293 
~ 0 1 0 2  -0239  mO509 "0294 
-0146  -0252 ~ 0 4 9 2  -no291 
-0250  -0267  -0479  -.0290 
,0440  .O282  -0467 -.02@9 
e1787 -0346  ~ 0 4 4 0  -.02$4 
,2953 e0374 -0416 -so294 
~ 0 1 7 0  -0382  -0907 -a0383 
-0117  -0413  -0892 "0363 
,0331 ,0474 .O@bO "0383 
-0520 -0503  -0843 -e0383 
.1F'94 -0605  ,0779 "0385 
.OR02 -0534  ~ 0 8 2 7  -.03F4 
-3297  .Ob62  -0730  -so385 
,0319  ,0723  ,1732 -a0749 
-0336 -0782  -1705 - .0749 
-0394  -0843  ,1679 "0750 
n o 5 0 5  -0906  ,1659 "0754 
,0715 -0967  -1630  - .0757 
-1004  - 1 0 1 4  -1583 "0751 
a2106 -1151  ,1493 "0753 
-3429  -1265  ,1416 -.075R 
.oh74  .0521 . l z , e  - .05e2 
, 0 3 7 9   . 0 3 w  ,0638 -.oze3 
.1714 o.oooo o.oooo o.ooon 
,0713  .0305  ,0467  - . 293 
.ozz5  .ob44 . o m  -.0383 
C T  
-0131  









































































n 1 f l b O  
-1935  
. l e 9 7  
-2027 
. l e  56 
. l e e 9  
48 





















. 0 7  
. 8 7  







- 6 0  
- 6 0  
- 6 0  
- 6 0  
- 6 0  
60  
~ 6 0  
- 6 0  
6 0  
- 6 0  
- 6 0  
.bo 
- 6 0  
- 6 0  







. a 7  . a 7  
. a 7  
-60 
.60 






















15 .00  
4 .00  
.oo 
10.01 
6 - 0 0  
18.42 
4 .00  
4.02 
3.99 
. O l  
2.00 
6 - 0 1  
5.00 
10.01 
7 .99  










6 - 0 1  
8 .00  
10.01  
19 .19  









AR = 1, DRY  POWER  SETTING, 





1 .08  
1.00 
1.00  
2 . 4 2  
1 .08  
2 . 4 1  
2.40 
2.30 
2 . 3 9  




3 .91  
3.90 
3.89 
3 .90  
5.40 
5 . 3 6  
5.38 
5 .40  
5.40 
6.00 
11 .10  
5 -40  
1 .03  
1 . 0 3  
1 .03  
1 .03  





2 . 2 9  






3 -01  
3.01 
3 .01  
3 .01  
4 . 5 1  
3 .01  
4 .51  
4.51 
4.51 
4 .51  




-03 -. 03 
-.a9 
-.O2 -. 0 4  
-.Ob 
"03 -. 11 - 2 6  -. 21 
-03 




. O l  
-.Ob 
-.02 -. 08 
. 2 1  
- . c 1  
"03 -. 09 
" 2 6  
09 
.10  
- 0 6  
.10  


















-. 1 0  -. 0 3  
" 0 3  
"03 
-.Ob 
. 0 1  



















- 2 5 6 7  







































. 2 4 a o  
.Ot l2  
,0176 
e0190 


































- e 0 3 2 7  
- e 0 3 3 8  



















C M  CLAERO 




-0740  2467 

















e 0 7 5 8  ,0664 
-0803  a1539 
.0810 e 3 6 5 6  
.0745 m828O 
0770 0675 
.08?2 . o n 8  
,0730 e 0 7 0 1  
.0546 -.0060 




-0674  3394 
- 0 7 7 7  6007 
e 0 8 8 3  ,8131 
0606 -. 0860 
-0614 -0660 
e0723 -3393 
e 0 6 6 0  -1462 
-0936 ,8209 
,0634 -.OB62 
, 0 6 2 7  0001 
-0643 -9674 




e0953 - 8 2 2 5  




- 0 0 1 1  -3429 
,0751 .Ob93 
,0797 - 0 7 2 1  
- 0 0 9 2  ,3732 
6, = oo 













,0703 e 0 0 2 8  
e 0 2 0 6  -a0037 
,0173 -a0019 
- 0 1 9 1  -e0001 





- 0 2 0 7  "0056 
-0193 -.0003 









~ 0 2 3 7  000000 
,0391 0.0000 
e 0 6 2 0  0.0000 














































e 0 7 5 6  
. .0754 
0755 
e 0 7 3 6  

















- 0 7 5 2  
.or57 






. l 2 8 l  
.12  84 















e 0 0 3 4  






e 0 0 6 0  
,0060 
































































- 0 7 5 9  









































































































a 6 0  






a 6 0  
~ 6 0  
-60 
-60 
- 6 0  
~ 6 0  
60 
- 6 0  









15.99 . O1 





























13.67 . 00 


















































6 - 6 8  




















































































CANALP CL C I O - F l  CM CLAERO C O A E R O   C L J T   C F J E T   C M J E l   C T  
-.oo 






















































- n o 5  
. 2k  
-.02 
- a 0 3  
"05 

































































e 3 3 3 6  






































































































































































































































































































s O 4 5 O  
-3155 
.7999 
. O W 0  

























































































































































































































e 0 3 7 6  








































a 19 52 
1903 













































































































































































e 2 4 4 4  
50 
M A C H  
1 . 2 0  
1.20 
1 .20  
1 .20  
1 .20  
1 . 2 0  
1 .20  
1 .20  
1 . 2 0  
1.20 
1 . 2 0  
1.20 
1 .20  
1 .20  

















. 8 7  
.87 
.87 
. 8 7  
. 8 7  
.87 
.87 
- 6 0  
60 
-60 










- 6 0  
- 6 0  
6 0  



















































5 .99  
7.97 
9.97 
14 .99  
19.15 -. 03 
3 .96  
5.97 
19 .13  
9 .99  
4 -00 
22.- AERODYNAMIC CHARACTERISTICS: IUF 2-Q C-D  NOZZLE, 




3 .80  
3 . 8 2  
6 . 5 9  
3.81 
6.60 
6 .61  
6 . 6 2  




9 .34  
9 . 2 5  
9 .34  
9 . 3 5  
9 .38  
2 .41  
5.40 
2.41 
2 .41  
2 .41  








5 . 4 2  
3.91 
5.42 
5 .41  
5 .43  
7.19 
5.42 
2 . 2 9  
2 . 2 9  
2 .34  
2 .31  
2 . 3 2  
2 . 9 9  
2 . 9 9  
3.00 
3.01 
3 . 0 0  
3 .01 
3.01 
3 .00  
4.48 
4 .50  
4.50 
4.50 
4 .50  
5 .39  
CANALP CL C C D - F I  
-. 05 
. O l  
"07 




- . l o  
- .01 
- . 0 2  
05  
" 0 3  
- . 01  -. 1 1  
- .05 
- .@2 -. 1 1  
0 .  GO 
.02 
- .11 -. 02 









0 3  -. 0 5  
- .@6 
-.09 
- . @ E  
.17 
"09 -. 11 
- .09  
-. 11 
-. 03  
-.Ob 
-. 0 3  -. G9 
"04 
- .05 
-.@7 -. 04 
-.01 





















. l 2 0 4  












. T O 6 1  
"0330 










































- . o l e 8  




























" 0 6 7 5  
- .0427 


















































- 0 4 6 8  
~ 0 2 6 7  
- 0 7 0 2  
. 0 2 8 0  
-0265  
. 0 3 3 9  
- 0 3 8 4  
, 0413  
-0534  





































- 8 7 6 5  


















































































C L J E T  

























































CFJET  H  
e0384 -e0035 
-0300  -.0035 
e0375 -e0035 
0348 -e0035 
e 0 3 6 8  - e 0 0 3 5  
0750 0085 
e0757 -.OOE5 
e0744 - e 0 0 8 5  
0737 0005 
e0727 -.OO85 
























.1110 - . O l Z Z  
-0993  "0123 
e1077 -e0122 
1553 -a0181 
e0729 - .0021 
-0741 -a0021 
-0754  -e0023 
e0719 - .0022 
-0676 - .0022 
,1114 -.0068 
-1108 "0067 
-1102  - s o 0 6 0  
1006 - e 0 0 6 8  
-1082 - e 0 0 6 8  
-1075 " 0 0 6 9  





































































1 . 2 o  
1 .20  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 .20  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 .20  
1 . 2 0  
1 .20  
1 . 2 0  
1 .20  
1 .16  












. 87  
.87 
. 8 7  
.87 
. 87  




. 8 7  
. 87  
. e 7  
.87 







- 6 0  













- 6 0  
66 
-60 





1 .97  
3.96 
5.95 
9 .94  
7 .97  
14 .96  
16.05 
- e 0 6  
3.97 
9.96 




























18 .32  










- e 0 4  
3.97 
9.97 














18 .51  
- .03 




14 .96  
9.98 
18.50 
- .03  -. 03 
NPR 
. 8 1  
.82 
.82 
. 8 2  
.82  
.82 
. 7 9  
3.79 
. 7 9  
3.80 
3.80 
6 .63  
6.60 










5 .41  
5.38 
5 . 3 9  
5 .39  
5 . 4 0  
1 . 0 4  
1 .03  
1.04 
1.04 
1 .03  
1 .03  
1 . 0 2  
1 . 0 2  
2 .41  
2.41 
2 .41  
2 .41  
3.90 
3.90 
3 .90  
3.90 
3 .92  
3.91 
3 .92  
3 .90  
3.93 
5 . 4 2  
5 .40  
5 . 3 9  
5 .41  
7 . 4 3  
5 .47  
1 . 0 1  
1 .01  
1 .01  
1 . 0 1  
1 . 0 1  
1.01 





2 . 3 0  
2 . 3 0  
2 . 9 8  
3 .01  
3.00 
3 .00  
3 -01  
3.00 
3 . 0 1  
4 . 5 1  
3.01 
4 .50  
AR = 1, A/B POWER SETTING, 6, = oo 
CANALP 
- .03  -. 07 -. 1 3  - e  03  
-a03 
- e 0 7  
- e  18 -. 01 






- .c3  
- e  06 
"03 
-.oo -. 12 -. 14 
. 0 1  
-e04 -. 18 
- e 0 7  
-.OO -. 03  
-.G5 
- e  GI -. 03  
-. 00 03 
05 
0 9  
- e 0 3  
- e 0 7  
-e03 
-.08 
- a  1 4  
. 1 2  
- .34 -. 06 
. O l  -. 02 .02 
-e07 












. O l  
-.L3 
-.C6 -. 1 9  
-.08 
04 




- 0 5  
-03 
0 3  
. C l  
- .c5 
. O l  
.oo 
CL C(0-F) 





-2790  .0733 
e6044 e1890 
,6522 -2147 
- .0720 ,0039 
e0966 e0045 











































-6483 - 0 5 3 2  
-0632 -a1546 







e 5 8 5 6  e1530 
-7682 e2499 
-e1012 -e0561 




- e 0 2 2 8  -e0975 
-0571 -no960 
,1376 -.C904 
,2316 - e 0 7 4 8  
-3421 -.05C7 
-7972 ,1405 
ab091 - 0 4 2 6  
- . l o 8 9  - e l 7 7 7  
-a1063 -a1780 
CM CLAERO 




0 4 4 6  - 2 7 9 0  
,0382 e3737 
, 0 2 1 9  e 6 0 4 4  
e 0 2 0 8  e6522 
- 0 6 9 6  -et684 
e0435 -3811 
,0611 -0974 




- 0 5 5 7  -2867 
-0611 e1919 
e0330 e6116 
- 0 4 9 1  a3829 





- 0 6 4 7  e1003 
,0675 ,0943 
0873 0 591 
a 0 8 7 2  e5574 
.0843 .0598 
e0719 - a 1 1 0 1  
e0690 e0561 
,0685 -.0271 





e 0 7 2 0  a3556 
.0752 - . l o 8 7  
,0812 - 3 4 6 2  
.0792 - . l o 4 7  
a0825  -7961
e0763 "0229 
-0772 - 0 5 8 8  
e 0 8 2 8  ,3452 . OR27 -1437 
e 0 8 5 2  ,2432 
e 0 8 6 0  -3494 
, 0 0 5 0  .6272 
e 0 8 6 2  e6980 
, 0 8 3 4  "1034 
-0815 .Ob05 




- 0 5 4 8  - .0138 






- 0 6 5 5  -e0946 
- 1 0 1 6  ,7727 
,0789 e3306 
- 0 7 0 4  "0930 
,0698 -a0165 
, 0 7 1 1  -0594 
,0894 . 5 a b  
.ob58  ,2303 
e0766 ,1359 





e 0 8 0 7  - .0910 































e 0 2 5 7  
a0671 
-0416 
e l 6 8 5  















- 2 0 5 5  
.0201 
.o leo  








































































- 0 1 3 1  



































































































- 1 1 3 1  
.1117 




. l l l l  















































































e 0 2 5 6  
e 0 2 5 8  
















































































TABLE 24.- NOZZLE CKARACTERISTICS: IUM 2-DoC-D NOZZLE, 






1 . 2 0  
1 .20 
1 . 2 0  
1 . 2 0  
1.20 
1 . 2 0  
1 .20  
1 .20  
1 . 2 0  
1 .20  
1 .20 
1 . 2 0  
1 .20  
1 . 2 0  
1.20 
1 . 2 0  
1.20 
1 .20  
1 . 2 0  
1 . 2 0  
1.20 
1 .16  
.95  
.93 





. 8 7  
.87 
.87  
. 8 7  
.87  





. 8 7  
. 8 7  
.87  






. 8 7  
. 8 7  
.87  
.80  



















6 0  






5 . 9 5  
9 . 9 4  
7 . 9 7  




9 . 9 6  
16 .00  
"03 
1 .97  
3.95 
5.96 
7 . 9 6  
14 .97  
9 .95  
1 5 . 9 8  -. 04 
3.96 
9 . 9 4  
15 .70  
3 .97  
3.98 
3.96 
3 - 0 6  
3 . 9 5  
-e03 
3.98 
1 .97  
5 .96  
7.98 
9 .98  
1 4 . 9 7  
18 .37  -. 03 
3 .97  
1 8 . 3 2  
9 .97  
-. 04 
3 . 9 6  
1 . 9 5  
5 .98  
7 .94  
5 - 9 6  
14.95  
9 . 9 4  
1 6 . 2 9  
"04 
3 . 9 7  
9 - 9 7  
1 4 . 9 0  
3 . 9 7  
-. 03 3 .95  
1 . 9 7  
3 .98  
7 .98  
5 .95  
14 .98  
9 .96  
18 .51  -. O I  
3.98 
16 .51  
" 0 3  
1 . 9 6  
3.97 
5 .97  
7 .98  
1 4 . 9 6  
9 .98  
18.50 
- a  03 
- e  03 
9.98 
NPR  CANALP  CLN C ( 0 N - F )  
.81 
.82 
. 82  
. 8 2  
. 8 2  
. 82  
.79 
3 . 7 9  
.79  
3 .80  
3.80 
6 . 6 3  
3 . 8 2  
6 . 6 0  
6 .60  
6 . 5 9  
b.60 
0 .62 
6 . 6 0  
6 . 6 0  
9 . 2 8  
9.33 
9.32  
9 . 3 3  
5 -41 
5 . 3 8  
5 .39  
5 . 4 0  
5 . 3 9  
1.03 
1 . 0 4  
1 . 0 4  
1 - 0 4  
1.03  
1.03 
1 . 0 2  
1 . 0 2  
2 . 4 1  
2 . 4 1  
2 . 4 1  
2 -41 
3 . 9 0  







3 . 9 3  
5 . 4 2  
5 . 3 9  
5 .40  
7 . 4 3  
5 . 4 1  
5 . 4 7  
1 . 0 1  
1 - 0 1  
1 . 0 1  
1 . 0 1  
1 . 0 1  
1 . 0 1  
1 . 0 1  
1 .00  
2 . 3 0  
2 . 3 0  
2 . 3 0  
2.30 
2.98 
3 . 0 1  




3 - 0 1  
3 . 0 1  
k .51  
4 . 5 0  
- e 0 3  -. 07 
" 0 3  
1 3  
- e 0 3  -. 07 -. 18 
- .01  
-.Ob 




" 0 3  
"06 -. 00 -. 03 -. 12 -. 1 4  
-. (I4 . O l  
-. 07 -. 00 
" 0 3  -. 05  -. 04 
" 0 3  
.03 
-. 05 -. 00 -. 09 




. 1 2  
- e  14 -. 34 
-.Ob 
. O l  
-. 02 .02  
-e07  
-. 12 "07 -. c3 -. 04 
-.Ob 
- . 0 8  
. 0 2  
- . 2 5  
-. 01 "05 
.oo . C 6  
- 0 6  
. 0 4  
. O l  
" 0 3  
"06 -. 10 
-.OB 



















- 0 0 4 2  
a0193 
-.0251 








-.0101 -. 0018 -. 0070 
- a  0065 
-.0061 







































































- n o 8 5 3  
- .0839 
- a 0 8 3 2  














- . O O k 3  
-e0035 
- .0030 
- n o 0 2 9  
-.OO2R 
-.0023 
-a0799 -. 03 -. 09 -. 10 
07 
- 0 6  . c5 
04 
03 
" 0 3  
. O l  
- . O S  . 00 









- 0 0 3 4  
-0173 
-so298 

























e 0 0 5 5  




































































- e  0095 
".0072 












- 0078 -. 0077 


























-.0089 -. 0080 
-a0073 
-e0068 























- a 0 0 5 0  
- .0056 
-.0057 
- e 0 0 4 9  
-.0058 
- e 0 0 6 8  



























































































. 8 7  
.87 
. 87  
.87 
.87 













- 6 0  






- 6 0  




- 6 0  
60 





















6 . 0 3  








4 . 0 4  
.os 
















4 . 0 4  
4 .05  
NPR 
6 - 6 2  
b e 5 9  
6 - 6 2  









































AR = 1, A/B POWER SETTING, 
CANALP 
.c3 -. co -. 03 
- .04 




.18 -. 14 -. 10 
03 
04 











- 0 6  
. 00 a03 
-.07 
.09 
e 0 9  
.08 
-07 
e 0 5  
.03 
-.O2 





. C 8  
.08 
.08  
CL  C(D-F I  CR  CLAERO 
e 0 4 8 0  - a 0 5 6 2  







e 0 5 0 6  -e0783 
e 0 4 7 8  e 0 8 7 9  
-0568  ,3763 
e0514 a 8 2 9 9  
0383 .0087 




- 0 4 7 2  -3823 
0431 .6628 
















-0561 - 6 2 5 6  
,0176 "0567 










































, 0 6 8 4  
-1663 








2-D  C-D NOZZLE, 
15O 















- 0 2 2 3  









e 0 5 2 8  
-0107 
-0159 















- 0 5 8 2  
-0833 
C F J E T   C R J E T  
,0759 -e0085 
-0749 - e 0 0 8 5  
e0743 - .0085 
,0725 - .0085 
e0715 - e 0 0 8 5  
a0686 - e 0 0 8 6  








- 0 7 5 0  -a0071 


























e2345 - e 0 2 5 6  
e1884 "0193 
. Z S B O  -.02a7 













































TABLE 26.- NOZZLE  CHARACTERISTICS: IUM 2-D C-D NOZZLE, 






























- 6 0  
-60  
60 
e 6 0  










e 6 0  
60 




















































































4 . 5 0  




5 - 4 1  
5.82 
CANLLP 
- 0 3  -. 0 3  -. 00 
" 0 4  
-. 00 -. 11 -. 07 -. c9 
.18 
- e  03 -. 10 12 
.OB -. 0 4  
Ob 
-. 04 .02 -. 07 -. 0 3  
-.or 
07 -. 07 -. 10 -. 25 
.Ol 
- 0 3  
06 
- e  07 
. co 
.09 




03 -. 02 -. 03 
.12 
.lo 




































- 0 3 0 s  
























- e 0 3 4 2  
-e0381 





- a 0 7 3 3  
-.Ob95 



































































CLAN  COIN 




















-0017 - s o 0 3 8  







e 0 0 9 2  -e0003 
e 0 0 1 6  -e0012 
.0022 -.0007 
-0026  - .0005 




- e 0 0 0 8  -.0024 
.0101 .0012 
.0007 -a0019 
e 0 0 3 0  -e0014 
e 0 0 9 5  -.0004 
.0008 - .0022 
- a 0 0 2 2  -no053 
-a0037 -so067 
55 
TABLE 27.- AERODYNAMIC CHARACTERISTICS: IT" 2-D C-D NOZZLE, 





1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1.20 
1 .20  
1.20 
1.20 









. 8 7  
.87 






. 87  
.87 

















- 6 0  
6 0  
60 
60 
- 6 0  
-60  
.bO 













e 0 3  
4 .03  


























2 .02  
6.02 
4 -03  
8.05 






16 .03  
4.02 
4 .02  








- 0 4  
4.03 
10.44 































. 8 2  
. 82  
. 8 1  
. 8 1  
.82 
. 81  





2 .41  
3 .91  





3 .91  
3.92 
5.41 
5 .40  
5.40 
5 .39  
7 .93  
5.41 
- 9 0  
~ 9 0  
- 9 0  
- 9 0  
90  
90  
. 8 9  
.89  
2 . 3 3  











4 . 4 8  
4 .51  
4.52 
4.52 
4 .51  
5.77 
5.44 
CANALP CL C I D - F )  
-12  "0493 




- .c4  .z340 
. l o  -2975 
- 1 0  -2971  
.C8 .3955 
. G 1  - 6 2 0 2  
- 0 8  ,3962 
. C 1  -6194 
- . C Z  e 6 6 5 8  
- 0 4  - .0281 
"07  "0659 
.C4 -.0296 
-e09 e 0 2 0 8  
"23 e i 9 0 5  
-e16  -1051
"31  -2912
-.37  .3997 
"45 a 6 8 1 0  
- .53 -. 02 
"07 -. 20 -. 38 
-. 09 - . G B  
-. 17 -. 1 1  
-e23 
-. 36 "27 
-.45 
- 0 7  




- a  03  
04 
- 0 3  
. 00 .02  
- .OZ 
-. 09 -.Ob 
-.11 
e 0 5  
- .03 































- e 1 0  -9115  
.07  -0235 
.Ob ,1066 
. 0 5  .1837 
-04  e2656 
e 0 0  ,4691 
- 0 2  ,3642 
-.05 -7417 
- . O B  .9543 
- 0 8  - 0 6 8 4  
-06 ,2337 
e00 -5309 
- e 0 8  1.3250 
- 0 3  -2327 
- e 0 8  1.0860 





































































C M  CLAERO 
e 0 4 7 9  -e0493 
-0437  - 0 3 0 4  
-0398  -1129  
-0399  1132 
-0350  ,2036 
-0350 e 2 0 4 0  
-0297  -2975 
-0297  2971 
.0228 .3955 
-0225  ,3962 
-0075  .6202 
-0075  -6194 
-0038  - 6 6 5 8  
- 0 3 7 1  "3464 
,0370  "0439 
-0313  ,0208 
-0350  "0659 
,0356 -1905 
- 0 3 1 0  ,1051  
,0364  ,2912  
-0361  e3997 
-0277  -6810  
0257 8890 
,0231  "0553 
-0198  e1116 
- 0 2 4 4  e4084 
- 0 0 5 8  " 0 4 6 8  
-0132  -8974 
- 0 0 2 4  -0380  
0063 -2067  
e 0 0 2 4  -1203  
e0065 e3076 




-e0070 -4255  
-e0160 ,7601  
"0309 e1354 
-a0186 -1303  
-0261 -e0429 
-0254  ~ 0 3 4 9  
0325 e 1878 
, 0 2 7 2  -1080  
,0353  e2790 
- 0 4 7 4  e6415 
,0378  -3790 
,0027  -e0347 
-0578  -84 1  
-0046   , 1161  
,0143  e3927 
-0330  
"0134 





























6v = 30° 
C O A E R O  CLJET  CFJET  CMJET  CT 
e0527 
-0536  





. O B 5 0  















~ 0 2 6 6  
e0244 


















- 0 2 6 8  
- 0 3 8 3  
,0799 





























0 . 0 0 0 0  
0.0000 








































































































































































































































































TABLE 28.- NOZZLE CHARACTERISTICS: IUM 2-D C-D NOZZLE, 





1 .20  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1.20 
1.20  
1 . 2 0  
1 . 2 0  
1 . 2 0  




- 8 7  
87 






- 8 7  
87 
. 8 7  
8 7  
8 7  
e87 
- 8 7  
87 
a87 




- 8 7  
- 8 7  
e87 
.eo 











e 6 0  

























10 .02  
15 .02  
15 .01  








8 . 0 4  
15 04 
19 .03  
0 4  
10 06 
4.02 
1 9 . 0 3  
2 . 0 2  
0 3  
6.02  
4 . 0 3  
8.05  
1 5 . 0 2  
1 0 . 0 2  
18 .99  
03 
1 0 . 0 3  
4.04 
1 6 . 0 3  
4 .  t 2  
4 . 0 2  
2 -03 
03 
6 . 0 4  
4 . 0 3  
10.02 
8 .02  
15 .04  
19 .04  
4 . 0 3  
.04  
10 .04  
1 9 . 0 2  
2 . 0 4  
. 00 
4 .02  
6 .02  
1 0 . 0 2  
8 . 0 2  
15.04 








hPR  CANALP 
.55 
. 5 5  
.55  
. 5 5  
, 5 5  
. 5 5  
.55  








- 6 2  
.e2  
. e 1  
. 8 1  
e 8 2  
.79  
2 . 4 0  
76 
2 . 4 0  
2 . 4 1  
2 . 4 0  
3 . 9 1  
3 .91  
3 .91  
3 . 9 1  
3 -91  
3 - 9 1  
3 .92  
3 . 9 2  
5 . 4 1  
5 . 4 0  
5 . 3 9  
5 . 4 0  
7 .93  
5 . 4 1  
.90 
-90 
- 9 0  






2 . 3 0  
2 . 2 7  
2 . 3 1  
3 -01  
3 .OO 
3.30 
3 - 0 0  
3 - 0 0  
3.30 
3 - 0 0  
3 -00  
4 . 5 1  
4 . 5 2  
4 . 5 1  
5 . 4 4  
5 . 7 7  
. e l  
4.48 
4 . 5 2  
. 1 2  
. 0 9  
0 5  
.04 
-.Ob -. 0 4  
. 1 0  




. O l  -. 02 
- 0 4  
-04 -. 0 7  -. c.9 
- a  16 -. 23 -. 37 31 -. 4 5  -. 5 3  
-. 07 -. 02 
-. 38 -. 20 -. 0 8  
- e  09 -. 11 
- e  17 -. 27 -. 23 
- e  36 -. 45 
- 0 7  -. 12 02  -. 2 4  -. 0 3  
- e  03 . c 4  
0 3  
. 0 2  
-. 0 2  . 00 -. 04 -. 09 
- . 1 1  
* 0 5  
" 0 3  
-03 -. 1 0  
07 
- 0 6  
.04 
0 5  
(I2 




06 . 00 
-.08 
003 -. 08 .04  


























- 0 4 0 8  
- 0 5 4 6  






















- 0 4 8 0  









































































08 5 4  
- .0888 
-e0796 
- e 0 8 2 8  
- 0706 




- . l 2 0 0  
" 2 0 2 8  
-e1693 
- e 0 0 3 8  
- .0050 
- .OU44 
- e 0 0 5 0  
-moo58 
- e 0 0 5 8  








- . to55 
-.DO52 
- a 0 0 5 8  
- e 0 0 5 9  
- e 0 0 6 8  








































- e 0 2 5 5  
-e0314 




































. o l e 4  
-0192 
-0204 
- 0 2 5 4  
e0216 
a 0 2 9 4  
,0172 




























e 0 2 5 2  
- 0 1 6 4  
e0233 
-0142 






















01  5G 
e0187 
e0009 
e 0 0 5 5  
~ 0 0 7 1  

























e 0 0 6 0  
.0111 
e 0 0 6 2  
-0074 
e0094 













TABLE 29.- AERODYNAMIC  CHARACTERISTICS:  IUA 2-D C-D  NOZZLE, 









































































.60 . 60 
.bO 
-60 




.bO . 60 
.bO 
- 6 0  
. 6 C  
.60 
A L P H A  
2.02 
a03 





















































































AR = 1, A/B POWER SETTING, 6, = 0 0 
























































5 . 4 0  



























4 - 5 0  





"07 -. 11 
-.le -. 19 
- . 24  
-.44 
" 4 0  
03 
"07 -. 10 
- . 24  
- .00  
.02 
.co 
" 0 9  
-.la 
"25 -. 4 3  - a 3 2  












~ 0 3  
-03 
- .G2 
























- 0 4  
- 0 4  . 04 















* 02 -. 02 











































. 0438  
-8269 
-.0983 
- 0 6 8 4  













































- 0 4 4 4  
. 0420  
.OS66 
























































































- 0 3 4 6  
























































,0597 . Ob58 
-0760 





























































~ 1 5 6 7  
.a691 
-3b75 
















-.0837 -. 0067 
.Ob89 
-1477 






















- 0  788 
, 0 4 4 4  
a 0 4 2 8  


































- 0 4 4 1  
-0717 
.1768 
- 2 8 0 4  
.0108 
-0197 
- 0 2 6 9  
-0711 











e 0 2 6 6  







. 0 2 4 6  













- 0 4 0 7  







, 2 0 6 4  
























































































































0 .  woo 
0.0000 


























0 .  woo 
0.0000 
























, 2 4 6 8  
0.0000 
0 . 0 0 0 0  




















































































- 0 2 5 8  
0.0000 
0 .0000 










- 0 3 9 4  

















































































.e.? . 0 7  
.87 . 0 7  
.87  . 07 .87 . 07 








- 6 6  
-60  
- 6 0  
60  





























































































AR = 1, A/B POWER SETTING, 
CANALP  CL C I D - F )  
-. 0 4  .01 
-.08 -. 17 -. 10 
.21 
-.11 
-.17 -. 2 4  -. 32 -. 35 
"46 
" 0 5  
-26 
-.11 
- e  05 -. 05 -. 10 







-.07 -. 11 
- e  03 
- a  05 
-. 04 




















































" 0 5 6 7  
"0531 

































e 0 5 2 6  e1724 
- 0 4 8 3  e5838 
,0522 ,3847 


















e 0 4 6 3  -3657 
.0291 -.Ob00 






e 0 4 7 7  -6364 



















- 0 4 7 6  











e 0 2 6 8  















- 2 9 4 7  
e0175 
15O 




































- 0 6 4 5  
- 0 7 7 6  
e1056 
e0746 
CFJET  MJET 
-0389 -e0012 
e0378 -e0012 


























. lob7 - n o 0 1 8  .lo01 - .0068 
e 1 0 1 0  -e0068 
lab8 -so186 











































































































































































4 e 0 4  
4.03 
-07  





TABLE 31.- AERODYNAMIC CHARACTERISTICS: I U M  SERN, 





























. 8 3  
86 
















































. t 3  
-.00 























































































































































































e 0 4 6 2  e2802 
e0255 a5989 
















e 0 5 6 4  e1184 
,0220 e6588 
-0610 ,1110 





e 0 0 3 4  e2537 
-.025# e5651 
-e0417 -7511 





0029 3 529 
-e0229 e5768 
-.0406 e7673 
- 0 8 4 6  -.0413 
,0832 e 0 4 0 5  





e 0 8 6 7  -e0297 
e0851 -0520 
,0844 e1337 
e 0 8 0 2  e2257 
,0756 -3169 
e0709 e4104 
-0629  -1098 
,0688 ,4442 
,0844 ,0722 
a0795 a 0 7 5 8  
.0820 ~ 0 7 1 4  
0698 - e 0 9 8 0  




e 0 7 8 0  e3578 



































- 0 4 3 4  
.OIL8 















































































- e 0 0 0 4  
a0023 
.0050 




































































































































































































































. e7 .87 
.8?  
.87  



























- 6 0  
-60 
- 6 0  









































































































































- .08  




















































.oo - . c.0 
.@1 





































































































. O t E O  
-0391 











































































. 0 5 7 2  
e0632 
























































- 0 7 8 9  
-a0851 
- .0080 












































e 0 5 9 9  
-1531 



























-2747  -0162 
































e 0 0 5 4  
.ooso 



















0 . 0 0 0 0  















-0770 . 0770 
.0771 
0767 






















































































































e 0 3 8 7  
-0389 
- 0 3 8 8  
0769 























































-60 2.07  3 2 -mol -.0103 -so976 -0687  -.OOZl -0167 - e 0 0 8 2  -1143  -0172 -1145 
-05 3.02 -61 -a0922 "0944 -0694 - e 0 8 0 0  -0192 -e0122 -1135 ,0172 -1142 
-60 4.04  3.01 -01 -0659 "0951 - 0 7 0 8  -0702  - 184 -.0043 ,1136 -0171  -1 37 
- 6 0  6.07  3.01 - e 0 0  -1488 -.0876 -0755 -1490 .OL57 -.OOOZ ,1133 -0171 ,1133 
e 6 0  6.04  3.0 - a 0 0  -1484 -e0881  e0766  el487 e 0 2 5 7  -.0003 e1130 -0172 -1138 
a 6 0  6.05 3.00 - a 0 0  "96 -e0177 -0766 -1499 e0255 - e 0 0 0 3  e1131  mol71 -1131 
-60 8.05 3.00 
-60 10.04  3.0  
e01 e 2 4 7 4  - e 0 7 2 0  - 0 8 0 4  -2437 -0413 -0037 ,1134 .Ol?l -1134 
-01 -3499 - e 0 4 8 8  .On35 e3423 a0647 moo76 -1135 e0171 -1137 
61 














































AL P H I  








" 0 3  
3.98 
9.96 
18 .97  













14 .98  
9.97 
18.95 




7 a 9 6  
14.90 
9 .97  






9 .97  
14.97 
18.96 






3 .01  




4 .50  
4.52 
1 .00  
1 .00  
1 .00  
1 .oo 
1 . 0 0  
1 . 0 0  
1.00 
1 .00  




2 .99  
3 .OO 
3. GO 
1 . 0 0  
3.00 
1.00 
1 .00  
1 . 0 0  
1 . 0 0  
1 .00  





3 .01  
3.b0 
3.01 





- . C l  
- e 0 4  
-.Ob 
- . l o  
14 -. tl 
-.Ob 







-10 .02  
-10.00 
- 1 0 . t l  
-10.01 








4 .99  
5.00 

























































C ( 0 - F )  
-e0951 



















































, 0 6 7 2  -e0895 
m0988 e8002 
-0882 ,3329 
a0778 - 0 6 3 4  
.1104  -8042 
-0096  -e0522 
e0085 -a1340 
e0128 . O L I O  
a0183 ,0999 
, 0 1 9 0  ,2873 
e0192 a7534 














-1124 e 5 0 6 2  
e0949 e3386 
-0830 -.OB14 





1072 3 4 8 3  
e1243 ,5982 
e1354 e 8 0 0 8  
.ozoo 
CDAERO C L J E T  
- 0 1 8 2  -e0124 
,0154 -a0083 
a0164 - a 0 0 4 4  
a0223 -.0004 
-0369 .0035 







, 0 2 9 1  0.0000 
e0190 0 e0000 
a0341  0.0000 
.0221 0.0000 
,0536 0.000t 
,2640 , 0 4 4 4  
.1350 0.0000 
- 2 3 5 2  0.0000 
e0214 - e 0 0 8 3  
,0265 "0123 
e0192 - e 0 0 4 4  
e 0 3 4 7  ,0035 
-0226  -e0005 
-0551 ,0074 














e 0 4 8 0  
e1715 
,2861 



















































,1894 ,0289 e1946 
0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
,1127 .0170 -1130 
e l l 2 2  .0170 e1129 
-1128 ,0170 e1128 
e l l 2 6  e0170 -1127 
a1123 -0170 ,1126 
,1130  .0170  - 130  
,1117  .0 70  e 30 
0.0000 0.0000 0.0000 
e1100 e0170  ,1 28 




















































































































6 - 0 1  



















4 . 0 5  
.04 
4 . 0 4  











8 e 0 4  
15 0 3  
19. 47 
.04  
4 .05  
2.06 
6 .03  
10.05 
11.21 . 05 
2.09 






4 .05  
4 . 0 4  




















-. 00 03  
- .os -. 11 -. 01 -. tl 






















5 . 0 4  
5.03 
5.01 
5 .04  
5.03 
5.03 
5 . 0 0  
5 . 0 5  
5.01 



















































- e 0 0 6 8  











- . O W 3  
-.ooa2 
-.0024 
- e 0 0 6 5  
- e 0 0 5 5  
-moo60 
" 0 0 5 6  
-.0052 
- .0048 
















































- e 0 0 2 3  
- .0026 -. 0021 
.-.0813 













- e 0 0 4 9  
-.0047 
- .0050 
6, = oo 
























e 0 0 4 4  




. O O O I  
a 0 0 0 3  
-a0014 


















- 0 0 4 5  


















- e 0 0 4 3  




- e 0 0 6 5  































- a 0 0 1 5  
-.0004 








- a 0 0 4 8  
- e 0 0 3 8  
-e0025 
-.0060 
- e 0 0 5 6  -. 0048 -a0052 




















- e  0049 
-.0051 
















- a 0 0 4 3  
- .0047 
- .0045 
- e 0 0 4 5  
- .0048 
-.OL30 
























- e 0 0 5 0  
63 




































































































4.  Ob 





4 .04  
2.05 











4 .  04  
04 
2 .04 




















































































3 .00  
3 e 0 0  
3.01 
3 -00 
3 e 0 0  
CANALP 
- e  04  
-.ce 
-.01 -. 01 







-. 03 - 0 5  
-.04 
07 





























5.02 . 00 -. 00 -. 01 -.oo -. 01 -.oo 
-.01 -. 00 .oo 




-. 00 .Ol 









































































e 0 0 4 5  


















































- e 0 0 3 3  






























































e 0 0 4 6  
,0044 







































-. 0024 -.0035 






































































































- e 0 0 3 4  
- .0060 
-.0032 
- .0033 -. 0632 
-e0030 





























































A L P H A  












































N P R   C A N A L P   C L N   C t D - F )  



















2 e 9 9  
1 .oo 





















3 e 0 0  
3.01 
-.G1 
. 00 -. 01 
-.02 -. 0 4  
-.Ob -. 10 
-.14 
-.01 



























4 .  99 
4 .94  
5.00 



























- e 0 0 4 6  
- a 0 0 0 3  





- a 0 0 4 5  
-e0042 
- e 0 0 3 9  
-.0022 





















































CMN C L A N   C O I N  

































































- e 0 0 4 3  
-.O048 
-.0041 
- e  0037 
- a 0 0 3 6  












- e 0 0 4 3  
-.0035 
- e 0 0 3 0  
-.OD20 
-.0004 




































































. 8 7  
.87 
.87 
. 8 7  
- 6 0  
6 0  





- 6 0  
- 6 0  
- 6 0  
.60 
- 6 G  






- 6 0  
ALPHA 
2 .04  
4.01 





















































































AR = 1, A/B Power Setting, 6, = 15 0 





- e 0 4  -. 10 
- a 0 3  
.Ol -. 05 -. 06 -. 0 3  
.os -. 0 3  
- .08 
-. 02 0 3  
-a05 . 00 
-e05 
" 0 3  
.G1 
15 -. 04 -. 02 



































































- 2 0  69 
-.Ob10 
-.1444 










CH  CLAERO 
-0369 e0291 
e 0 2 6 4  e2049 
e 0 3 2 4  e1109 
.ozoo .2982 
,0133 e3976 
-moo33 e6275 -. 0070 6968 





e 0 3 9 8  -0032 
-0554 .1710 
.0400 -0833 
-0466  e 2 7 2 0  
e 0 4 6 7  a3785 
0435 -6590 
-0413 -8859 
,0373 - . ! I770 
-0341 . 0897 
a0395 a 3 8 4 6  








. O Z S Z  -090s 








- 0 2 2 8  e0912 
-0119 -0998 
-0051 e1050 




















































a 0 3 6 4  








































e0755 - n o 0 1 8  
e0739 -a0059 
a0711 -e0058 
a 0 7 0 3  -e0059 
a0389 -e0017 





-0758 - a 0 0 5 1  
.OIL4 - a 0 0 5 5  
e0750 -.OOkS 
a0717 -e0045 











1125 - e 0 0 8 0  








































































. e 7  
. e 7  . 07  
.07 
.07 . 07 
.07 


































4 . 0 3  
19.30 




















6 . 0 2  
10.02 
8 . 0 4  
15.02 







A/B POWER SETTING, 




6 - 6 2  
6.63 
6.62 
6 .62  
2.41 
2 .40  
2.41 




















3 e 0 0  
3 r 00 
3 e01 
3 . 0 0  
3.00 





















-. 02 .03 
-.os 
.oo 
" 0 5  
- e t 3  
.Ol 
- e  15 -. 64 -. 02 
-.02 
.02 






.G2 -. 00 
" 0 3  -. 09 
04 -. 01 .02 -. 11 
Ob . Cb 
e 0 5  



















a 0 2 0 4  
- 0 5 5 7  
,0379 
- 0 5 2 4  
,0785 
~ 0 6 2 0  
-0179 





~ 0 3 7 0  
-0412 
~ 0 4 5 0  
,0506 
e 0 6 3 0  
e0736 
,0385 
- 0 5 3 9  
- 0 7 6 2  
.1122 
,0535 
a 0 0 3 7  
e 0 7 2 6  
-. 0762 
- e 0 7 5 4  
- .0746 
-a0736 
- . O ? I O  
- .0706 
- .Ob94 






- . O B 0 5  
-.078? 
- e 0 7 7 6  
- e 3 7 6 6  
- a 0 7 3 8  






















- e 2 4 3 5  
- a 2 6 7 4  







- e 0 0 3 7  
-e0043 





-.0059 -. 0082 -no069 




























,0158 e 0 0 0 5  
- 0 2 2 5  .0007 
-0065 -moo37 
-0073 -.0020 
.0094 - e 0 0 2 2  
.0172 -.0012 
.OOb5 - e 0 0 3 0  
-0073 "0029 
-0071 -. X 3 2  
.0010 -.0027 
,0097 - e 0 0 2 2  
.0081 - e 0 0 2 5  
-0133 -a0019 
e0178 -.0014 
e0072 - e 0 0 4 2  




no067 - e 0 0 0 5  
.0077 .0004 
-0094 .0007 
,0078 - e 0 0 2 6  




,0103 - .0008 
,0112 - .0004 
- 0 1 4 0  .0007 




e 0 1 6 1  - .OO14 
- 0 0 6 4  - a 0 0 4 4  

















































6 0  
60  
60 
e 6 0  
-60  
60 
- 6 0  
-60 
-60  
- 6 C  
60 
- 6 0  





- 6 0  
- 6 0  
6 0  
- 6 0  
-60  



































































TABLE 35.- AERODYNAMIC  CHARACTERISTICS: 
NPR 
6.59 
6 - 5 0  
6.57 




























































4 . 5 0  
4. 50 
5.41 
5 . 5 4  
AR = 1, A/B POWER  SETTING, 









- .02  -. 10 "05 
- a 0 3  
-.15 
-. 07 








- e 0 6  
" 0 6  
-.14 -. 12 
- e 0 3  
-.C6 
-. 12 
















" 0 3  



















































































em0095 -0368  
.0041 -0332 
e0262  .0270 
,0904 -0165 
e0563 a0218 











- 0 3 4 3  e0427 
,0016 -0429 
-1502 0414 









,1322 e 0 0 1 5  
e2698 e0021 








-e0662 -0086  





























































































































































e 0 3 4 0  
- 0 3 3 5  















a04  74 
e0522 
e0539 
, 0 3 3 0  
no355 
,0379 












e 0 5 0 3  
e0417 
.OS16 
e 0 5 2 2  
a0698 
a0594 



































a 0 6 6 5  -e0229 
e0676 - a 0 2 2 8  
e0649 -e0230 
,0616 -e0229 
e 0 6 7 3  "0227 
e0361 -a0105 
e0664 -e0229 
.Ob31  -.0229 
.Ob49 "0229 












e0711 - .0206 
-0687 -mot06 




e0563 - . O Z O I  











.0573  -.O228 
,0673 -.0206 
-1041 -.0325 
-0978 - .0328 
.OB87 -.0326 
.O828 - e 0 3 2 6  
-0682 - .0200 
-0703 -e0199 













1408 - e 0 5  36 
-1729 -.OS39 
-2154 -.0702 






































































TABLE 36.- NOZZIX  CHARACTERISTICS: IUM S E W ,  
HACH 
1.20 
















- 0 7  
- 0 7  
- 0 7  
07 
-07  
- 0 7  
~ 0 7  
.87  
e07 
- 0 7  
07 







































AR = 1, A/B POWER SETTING, 6, = 30 0 
ALPHA 






















4 .01  
19 .06  
- . 01  
2 . 0 2  












2 . 0 0  




1 5 . 0 1  
9 .99  
19 .20  
- . 01  
10 .01  
4.03 
19.17 
2 .01  
. O l  
6 - 0 0  
3.99 
7 . 9 9  
10 .01  
14 .99  









6 . 5 9  
6 - 5 8  
6 - 5 8  
6 .37  
6 e 6 0  
6 .60  
b.57 
6 . 5 6  
3 .00  
6.50 
b e b l  
6 - 6 0  
6.62 
6 .  b l  





3 .91  
3 .91  
3 - 9 2  
2 - 3 7  
2 . 3 9  
2 . 4 0  
2 . 4 0  
3 - 9 1  
3.90 
3 e 9 1  
3 .91  
3.91 
3 . 9 1  
3.91 
3.91 
5 . 4 1  
5 . 3 9  




3 .01  
3.92 
3.02 
3 . 0 1  
3 a 0 0  
3.01 
3 .01  
3 .01  
2 . 3 0  
2 .30  
2 . 2 9  
2 . 3 0  
3 . 0 0  
3.00 
2 .99  
2 .99  
3 .GO 
3 s o 1  
3 .OU 
3 .00  
4 . 4 0  
4 .47  
4 .49 
4 . 5 0  
4 . 5 0  
5.54 
5 .41  
CAHALP 






4 - 9 8  
-. 62 4.97 
- a  05 -. 10 -. 15 -. 03  -. c 7  -. 0 3  
4.90 
4.99 




- . o t  
4.93 
-. 06 -. 14 -. 12 
"03 -. 12 
-. 0 5  - .Ob -. 09 -. 09 -. 0 3  -. 1 3  -. 07 -. 09 -. 07 







4 . 9 6  
4 . 9 7  
- . c 2  
4 . 9 6  
"03 -. 0 4  -. 15 
- . O b  -. 30 -. 13 -. 09 -. 10 
"05 




. O l  
. O l  


























e 0 4 5 0  
,0577 






















- 0 5 3 6  
-0600 






- 0 0 0 9  
































































- . loo4  
- .0942 
"-0907 















































- e 0 2 6 6  
-e0306 




" 0 2 4 5  



















































- 0 3 0 4  
e0193 
.0200 












- 0 2 2 5  
-0216 











































































e 0 0 0 6  
-0144  
.0046 












































1 -16  
1.20 




. I T  
.87 
.87 





. 87  
-87  
-87  
. 8 7  









. e7  











- 6 0  
a bC 
ab0  





-60 - 6C 
- 6 3  
- 6 0  
- 6 0  
- 6 0  
- 6 0  
-60  
-60 
- 6 0  
.60 
a 6 0  
.bO 
. bn 
. e 7  
TABLE 37.- AERODYNAMIC CHARACTERISTXCS: IUM SERN, 
AR = 4, A/B POWER SETTING, 6, = 0 0 
ALPHA 
.02 



















































lb .28  
.04 
4 . 0 3  































k . O k  
4 - 0 5  
+ . O S  
NPR 
.76 



















































5 . 4 1  




7 . 3 4  




























6 .53  
5.78 
.a1 
C A H A L P  
.04 
-.I,+ .02 
- . l o  
- .22 
- .17 -. 29 -. 39 
- .42 
.18 






-.Ob -. 12 
- s t 8  
-. 20 
-.11 





-a14 . 02 . c 3  
.El 




- 0 7  
- . c0  
.04 
-.os 
“13 -. 00 
.39 
* 34 




. l l  
.09 
- 0 5  
“ 0 3  
.01 
- . P 4  







. I9  
.18 






. 21  
.19 
G O  -. 0 4  -. 11 
-.02 
“ 0 4  




- .08  
-.09 
-.GO 
“ 0 3  
- .02  
- .09 
- .c5 

























- .a282 -6612 
.2387 
-1412 














- a 0 9 4 6  
rn 7792 
~ 0 7 5 8  
.16k6 







































- 8 6 1 3  
a 3 6 9 5  
~ 3 9 2 6  
a 0 6 9 4  
-0995 
.a054 
. l o r 7  



















































. l o22  
“0959 
-1365 
- e 0 9 6 6  





























- 0 8 5 3  
- . la?,  
-.2292 
- . 2 k 9 3  
-.on20 
-.Gnno 
C H  
,0638 
,0632 


























. O S 4 6  








~ 0 7 9 8  






















































































~ 2 5 5 2  
e 3 6 5 2  
~ 7 7 9 2  
-.OW1 
.07k6 


















-. 0023 -.O829 
~ 1 5 1 3  
,2411 
















. 0 7 6 k  
-1563 
- 3  54 7 
- . o m  
. w r  
.O 121 





C O A E R O  C L J E T  CFJE7 CfiJET C7 
.0506 



































































~ 0 2 6 1  
-0670 
















~ 0 1 7 7  




































































* 002  1 




- 0 0 4 4  
.0004 





- 0 3 3 8  
- .0058 
.001U 
































e l l 6 4  
~ 1 1 5 3  
~ 1 1 3 5  
,0672 















































































































































































































































TABLE 38.- NOZZLE CHARACTERISTICS: IUM SERN, 




























































































































0 . 0 5  
15.02 


















5 - 0 4  
m 0 3  
2.05 
4.05  





















4 - 0 5  
4.03 
4.04  
hPR CANAL?  FLY  CIOW-Fl  CRY 
a76 
s 76 





































2 . 3 9  
2 .40  
2 . 4 0  















7 . 3 4  





















4 - 4 9  
3.00 
4.50 
4 . 5 0  







- a 0 4  -. 10 -. 17 
-.22 








- a 0 4  
“06 
-.12 -. 20 





.04 -. 14 . 02 .03 . 01 . 01 
.ll . 09 
.or -. 00 .04 
- .05  
-.13 -. 00 
.39 











- S O 4  -. 02 
-.15 











. 21 .10 
.19 
.oo 
“ 0 4  
-.O2 




“ 0 6  

































































































































































































































































































































































































































TABLE 39.- AERODYNAMIC CHARACTERISTICS: IUM SERN, 
AR = 4, A/B POWER SETTING, 6, = 15 0 
MACH 
1 . 2 0  
1 .20  
1 .20  
1 .20  
1 . 2 0  
1 .20  
1 . 2 0  
1 . 2 0  
1 .20  
1 .20  
1 . 2 0  
1 . 2 0  
1.20 
1 . 2 0  
1.20 
1 .20  
1.20 
1.20 
1 . 2 0  













. 8 7  































10 .01  
15.92 
.01 
2 . O 1  
4.00 
5.99 
10 .00  
7 .99  
15.02 
15.86 -. 01 
4.02 
6.03 





1 0 . 0 2  
6.02 
18.63 . 00 
2 .oo 
4.03 














4 e 0 0  
9.99 
19 .01  
.-.oo 




10 .00  
15.03 


















6 .61  
6.62 
6.60 
9 .32  
6.61 
9 . 2 7  
9 .30  






2 .39  
2 . 4 0  
3.92 
3.91 











7 .49  
2.31 
1 . 0 3  
2 .31  
2 .31  




3 .01  
3.01 
3.01 











CANALP  L  C(0-F)  CN  CLAEUO  OAERO  CLJ T  CFJET  CRJET CT 
.G7 
.oo 
- .04  










. 1 0  
- e  1 7  
-.oo 
- .OB 
. l l  
. 2 0  
"03 
16 
-. 14 -.12 
1 7  













- a t 4  
-. 1 3  -.08 
. 0 2  
m03 
.02 -. 0 1  
- e 0 5  
-.08 -. 11 






































































































































































































































- 8  671 


























































































e 0 4 5 8  
-0419 
e0535 




































- 0 5  31 
.0586 


















e l 1 4 6  




. l o l l  
e 0 3 8 6  
e0373 
e0382 
























































- e 0 0 4 6  








- a 0 0 1 1  
-e0062 




























































































TABLE 40.- NOZZLE CHARACTERISTICS: I U M  SERN. 
R I C H  
0.00 
1 .20  
1.20 
1 .20  
1.20 
1 .20  
1.20 
1.20 
1 .20  
1 .20  
1.20 




1 .20  
1 .20  
1.20 
1 .20  






















~ 6 0  





















. O l  
4.03 
.02 
6 .01  
13.01 
15.92 
. O l  
2 .01 
4.00 
7 .99  
5 . 9 9  
15.02 
10.00 





-. 01 4.00 




2 . 0 0  
. 00 
5 - 0 3  
8.04 
6 - 0 1  
10.00 
14.99 
18.58 . 00 
4.00 
6-00 




. 01  
6 .01  
4.00 
9.99 
19 .01  
-.oo 
2 . 0 3  
6.02 
4 .01  
8 . 0 2  
10 .00  
15 .03  
19.00 
4 .01  
. 00 










3 e 8 0  
3 .81  
3 .81  
3.81 
6 .56  
6.60 
6 .57  
6.60 
6 .61  
6.60 
6.62 
6 .61  
9 .32  




5 .40  
2.41 
2 . 4 2  
2.40  
2 . 4 0  
2.39 
3 e91 
3 - 9 2  





5 - 4 0  
3 - 9 1  
5 .40  
5 .39  
5 . 3 9  
5 . 4 1  
7 .49  
1 . 0 3  
2 .31  
2 .31  
2 . 3 1  
2 .31  
2 .31  





3 .01  
3 .01  
4 .50  
3.01 
4 -51  
4 - 4 9  
4.50 
4 .50  
4 . 5 0  
5 .39  
5 - 0 1  





"03 -. 09 
e 0 4  
-.os -. 14 
- e  23 -. 31 -. 01  
-.Ob 
- .os 
. 1 0  -. 1 0  -. 17 -. 00 -. 08 
. l l  
. 2 0  
-. 0 3  - 1 6  -. 12 -. 14 
17 
.02 
-.04 -. 10 
-.GI 
-.Ob 




. 4 3  
0 3  
" 0 4  
- .OB -. 13 . c 2  
6 3  
. 0 2  
- .t l  
-e05 
-.GB 




-. 22 -. 12 -. 14 

























, 0 3 4 4  
~ 0 6 5 1  
. O t C 8  
-0310 
- 0 3 5 2  
,0448 






























- 1 0 5 4  
.OS86 















- . l o81  
- . l o 4 5  


































- . l o 5 9  
- .0991 
-.0918 









































- . o l e 2  
-.0144 
-a0149 
- e 0 1 6 2  
- .O22O 
- .0245 
- . 0 0 4 2  
-.0119 
" 0 1 2 5  
- .014z  
-e0129 
-.0148 


























,0175 e 0 0 5 8  
,0202 .0055 
a0229 -0051  
a 0 2 5 3  .0048 
.0341 e 0 0 5 3  
e 0 3 6 2  e0057 


















e 0 4 3 1  e0072 
-0161  a0002 
e0179 -0009 
-0193  e0010 
,0231 e0012 
.0400 -0073 
. 0 2 5 0  -0047 
,0167 -.OG99 
-0219  - .0031 
.0237 - .0011 
- 0 2 8 4  -0014 
. 0 2 4 8  - .0004 
-0215 - .0008 
-0401  .0075 
.0221 .0006 
. 0 2 2 6  -0014 
. 0 2 3 8  -0018 
,0254 .0031 
- 0 3 2 2  - 0 0 6 2  
,0271 .0040 
,0386 ,0094 






m0210 , 0 0 5 3  
.0171  .o01n 
73 
M A C H  
1 .20  
1.20 
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1 .20  
1.20 
1.20 
1 .20  
1.20 

























- 0 7  
- 0 7  
.87 
*87 
. 8 7  
.87 
. 87 -87 
- 0 7  
.e7 . R7 
.87 
e87 
~ 8 7  
.E7 
- 8 7  
. e 7  . P7 
. 8 7  . 87 
- 6 0  
- 6 0  
- 6 0  
- 6 0  
- 6 0  




- 6 0  




- 6 0  
.bo 
- 6 0  
a 60 
- 6 0  
- 6 0  
-60 
-60 . hO 
.bO 
- 6 0  
- 6 0  
- 6 0  
- 6 0  
-60 
-60  
- 6 0  
- 6 0  
- 6 0  
-60 
e 6 0  
- 6 0  
-60 
e 6 0  
- 6 0  
-60 
.60 
TABLE 41.- AERODYNAMIC CHARACTERISTICS: I U M  S E W ,  
AR = 4 ,  A/B POWER SETTING, 6, = 30° 
















16 -61  
2.29 
-13 
6 - 3 5  
4.31 















- 0 3  
4.04  
6 .04  
0.04 
10.04 













6 . 0 5  
10.04 
8 - 0 4  





































6 - 1 5  









" 0 4  
-.02 
-. 02 -. 02 . 01 
-.01 
.01 
- a 0 4  
- S O 4  
-05  






























5 - 9 5  






4 .  98 




- . O l  




-.on -. 00 
-.04 
-.01 








4 .  99 
4 - 9 8  
5.00 
5.00 














































- . O W 5  
- e 0 2 4 3  
-.0023 





























- s o 3 4 5  





















































- 0 2 3 2  
- 0 2 2 3  
.0218 
-0199  
















- s o 3 4 4  
- a 0 3 4 9  
"0363 
































- s o 5 8 9  














- 0 0 3 5 8  



























































- 2 2 6 5  
~ 0 3 2 0  
.OB46 
.OS29 
a 0 5 7 9  
.0019 
.0019 
~ 1 1 6 1  
,2252 
a0251 
a 0 2 7 4  
- 0 3 2 7  
- 0 5 3 2  

























. O B 0 3  
~ 1 1 3 0  






























a 0 6 3 4  
.Ob16 
.os90 
~ 1 0 5 5  
-10.35 
,0701 







. O S 5 2  
.1101 
e l 0 6 0  
-1042 
. l o 2 1  
.O994 
.O888 
- 0 9 6 4  
.OB22 




- 0 6 8 5  
.Ob25 
.Oh69 

























~ 1 0 4 8  
. l o 1 4  
. o w 1  
.ova4 






















- a 0 3 3 5  
-.O332 





- . O S 4 5  
- e 0 5 4 8  
- n o 5 4 6  
- .OS48 
-.05k8 
- B O 5 4 8  
- .OS% 
-.0332 





- a 0 3 3 6  
-a0557 
- s o 5 5 4  













- s o 5 1 4  
- .os12 


















- . o m  















- a 0 3 8 3  
-a0381 
-.0384 

























































a 1 3 4 9  
-1380 


























































































































e 6 0  
60 


















4 .05  
2.06 
6 e 0 4  
8 .04  
10.04 
15-77 






4 e 0 3  
6 - 0 4  
10.05 
8.02 





4 . 0 4  












4 . 0 4  















4 e 0 3  
.Ob 
2 .04  
4.05 
6 e 0 4  
8.05 
10.04 










8 . 0 4  
10.05 








AR = 4 , A/B POWER SETTING, 







































4 -00  









































- a 0 4  












" 0 6  
- .Ot  
-.14 








- e 0 3  





















" 0 3  
-.os 
-.Ob 



















" 0 6  























































































































- . 0 2 2 4  
"0573 






































- e 2 4 3 8  
"2536 
CH  CLAERO 
-0755 -e1207 
-0716 -.0410 
-0690 - 0 4 0 0  
-0673 -1321 










-0572 e 0 5 6 3  
,0509 - 2 4 5 4  
- 0 4 4 8  -3443 
e0339 ,5637 




.Ob30 a 0 5 4 2  
a 0 6 7 1  e0333 
-0641 -0512 












a 0 7 3 7  - 3 3 0 0  
e 0 7 2 0  -e1378 
e 0 6 8 5  -.OS37 
e 0 6 8 2  -0309 
-0704 e1161 





e 0 5 6 2  e0362 
e 0 6 5 7  -3266 















-0463  - a 1 1 1 0  
e0445 -a0330 
-0451 a 0 4 4 6  
.os07 .I211 
-0586 ,3103 










































e 0 3 8 3  
,1565 

































































a 0 3 0 8  
- 0 0 5 0  
,0044 













































e 0 2 3 2  
















































- 0 8 2 4  
e 0 8 2 5  


















































- e 0 0 3 6  
- e 0 0 3 6  



















































- e 0 0 2 4  
-.0024 




















































- 0 8 2 6  







































































- 6 0  
.bO 
e 6 0  
60 
-60 
e 6 0  





e 6 0  
60 
060 







































































































AR = 4, A/B POWER  SETTING, 6, = 15 0 
CANAL?  CL  C(D-F)   CM  CLAERD  CDAERO  CLJ TFJ T  CHJET CT 
-.01 
a 0 3  




















































































- e 0 2 4 2  


















































e2093  ,0 39 
"0965  -.0126 
- e 0 8 3 3  -.0060 
-e0921 -mol14 




















































- ' e0544  





















- 0 2 4 6  
.0232 
e 0 7 3 G  






































- 0 4 3 3  
no363 
e 0 4 4 7  
,0652 
e 0 5 7 0  

































































































































































e 0 8 4 4  
e0843 
.0m4 
























TABLE 44.- AERODYNAMIC CHARACTERISTICS: IOM SERN, 
MACH 
1.20  
1 . 2 0  
1 . 2 0  
1 . 2 0  
1 .20  
1 . 2 0  
1 .PO 
1 . 2 0  
1.20 
1 .20  
1 . 2 0  
1 .20  
1 . 2 0  
1 .20  
1 . 2 0  
1 .LO 
1.20 
1 .20  
e 8 7  
e 8 7  





















6 0  
-60  
e 6 0  
60 
- 6 0  
60 
.LO 





e 6 0  
60 
-60  
e 6 0  
AL?WA 
"0 5 
4 -04  





4 e 0 5  
8 -05  
6 e 0 7  
10.04 











18 - 2 9  
-03  
2 .oz 
4 - 0 3  
6.03 
10.03 
8 . O S  
15 e 0 4 ,  














4 .O 5 
6 .03  
8.05 
10.02 
I¶ e 0 3  
19 -09 







AR = 4, A/B POWER  SETTING, 
N?R CANALP  L C t D - F I  cn CLAERO 






6 .91  
6 .92  
6.90 
6.90 
6 .93  





9 .72  
2.49 













5 . 6 4  
5 . 6 3  
5.63 
5 . 6 3  
5 .63  




2 . 3 8  
2 . 3 7  
3 . 1 3  
3 .13  
3 - 1 2  
3 .13  
3.13 
3 .13  
3.12 
3 .12  
4.70 
2 - 3 8  
4.70  
4 . 7 0  
4 .69  
4.70 
5.64 
- e 0 5  -0918 
e 0 2  -a0706 
- e 1 1  e1831 
-.or .5947 
- .04 .3845  
.OO "0309 
" 0 6  e0494 
e . 0 3  -1353 
-.OS e2264 
-so9  a3228 
-.OB .4248 
-e01  -6327 














" 0 3  
"13 
- .08 








a 0 4  
-.02 
.04 
- .11  
"19 
"07 
- .08  
"09 
-. 10 - . l o  
- .12  













- a 0 0 1 5  
- 8 6 6 5  





























- 3  846 
























e 0 5 6 0  


























. l o o 0  
.2293 
- e 1 5 3 0  
e2607 
-e1362 
- a 0 6 3 5  
-. 1202 
,1931 
- e l 7 8 7  
,0400 



































































- a 0 6 2 6  
a0977 











































. 5 n 9  




































. l o 1 2  
-3079 

















































e 0 4 5 3  























. l o 0 7  
e1135 




CFJET  M  
.0373  -.014b 




-0738 " 0 3 4 5  
.Or23 "0345 
e0706 -e0345 
a0607 " 0 3 4 5  
-0650 - e 0 3 4 5  
.Ob69 " 0 3 4 5  
a1092 -e0530 
e0606 " 0 3 4 5  
. l o 3 8  "0536 
.0953 -.013b 











-0708 - .0292 
-0674 - e 0 2 9 2  
,0659 -e0292 








-0688 - e 0 3 0 8  
-1253 - e 0 5 8 5  
.0659 -.0307 
e0607 -e0306 
. l o 8 1  -e0387 
.OS20 - .0308 
-1065 "0307 




























- 0 4 0 5  
e0404 
-0833  



































TABLE 45.- AERODYNAMIC CHARACTERISTICS: IUA  AXISYMMETRIC NOZZLE. 
MACn 
1 .20  
1 .20  








1 .20  
1.20 
1 .20  
1.20 
1 .LO 
1 .20  
1.20 
1 .20  
1.20 
1 .20  
1.20 
1 .20  










. 87  
. e 7  











. 8 7  
.87 
.87 











~ 6 0  
- 6 0  
60 
- 6 0  
~ 6 0  
-60 
-60  
- 6 0  
- 6 0  
s 60 
.6G 




- 6 0  . bO 
- 6 0  
60 
. t o  
- 6 0  
bL 


















































6 .02  
10.01 
17.93 
4 - 6 2  
4 e 0 3  





















t 2  
4.02  




DRY POWER SETTING, 6, = Oo 
N C R   C A N A L P  CL C l O - F )  CII CLAERD C O A E R O  CLJET  CFJET  CIIJET C T  




a 8 6  





1 .81  
3.82 
3.82 
6 .61  
t . 61  
6 .  60 













1 - 0 6  
1.06 
1.06 
1 - 0 6  
1.06 
1 .05  
2 - 5 4  
2.41 
2 .43  
2. 43  
2 .44  










5 . 4 4  
5 .43  
11.33 
5.45 





1 .02  



















6 . 5 2  
5 .53 
5 . 4 3  
-.GO 





- s o 3  
" 0 3  
-so7 
- .I2 
-.Oh . 00 -. 07 
-.OD 
-.02 
















. O l  










. 01  
-.01 
- . lo  
-a03 
- 0 7  
. ll  
- 0 3  




. P 7  
.Ob 
m 06 
a 0 4  
- 0 3  
.O2 












- a 0 9  -. 02 
-.03 
.07 
. O l  
" 0 4  
- .04 
- .c1 


















~ 3 0 2 7  -so362 












a 2 5 3 6  -6426 
,3682 -0705 
-6432 ,1748 
- .O954 -.0056 
.BO30 mZb19 
.0721 - a 0 0 6 5  













~ 1 6 5 2  - a 0 4 6 9  
- 8 2 3 3  -1910 
.3834 -.0024 
,0807 -.1305 
- a 0 7 9 7  .0163 












- . JU30  -.058J 
-.0847 -.0547 
.O727 -.OS62 





-e0862 - . l o57  
,0748 -.1Ob0 































.OZt7  . ob09 
.0630 




































































. l o 5 9  
.ZOO8 
~ 2 9 5 6  . b256 ,3951 
-.O5b9 
m6324 
. l o 7 0  
-2039 
39b1 . b33b 
- . o w 1  
~ 1 0 7 0  
- . O H 7  
e0676 
. l  444  

























e 0 7 3 5  
.1507 
-3451  











~ 1 4 9 0  
. 3 4 4 7  
~ 2 4 5 1  
,6083 




. a334  























a 0 3 8 2  -a0052 
m1937 ,0165 





.0415  e0013 
~0160 0.0000 
-0260 0,0000 






,0258 ~ 0 0 1 7  







,0702 s O O 6 G  
,1763 ,0104 
,0180 - a 0 0 4 3  
,2603 .0128 















~ 0 2 3 2  ,0035 
-0161 .0018 
-0632 .00b8 
.2779 . O l t Z  
,0139 -moo08 
-0157 -a0032 













0.0000 0.0000 0.000c 
O.OOJO 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.00u0 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
~ 0 3 7 1  .0044 ,0379 
-0379 .0044 .037P 
-0379 ,0044 ,0379 
-0377 ~ 0 0 4 4  ,0379 
-0767 no088 -0768 
-0767 ,0088 -0767 
-0767 .00118 -0767 
.0764 .OO88 ,0767 
m07b5 ~ 0 0 8 8  ~ 0 7 6 6  
-0761 n0080 .0767 
a 0 7 5 2  .008B -0769 
~ 0 7 5 1  -0088 ,0769 
,1145 ~ 0 1 3 1  .1146 
-1143 -0131 ,1153 
.113b  -0131  e 146 
-1143  -0 31  , 15
-1121 ,0132 -1lY3 
o.wo0 0.0000 0.0000 
-0597 .OOW . . O ? W  
o.wo0 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.9000 0.0000 
O.OOUO 0.0000 0.0000 
~ 0 2 4 4  -0027 ,0245 
.O2+4 m0027 mO244 
.O241 m002b -0241 
.O242 .0027 .0245 
a0236 .0027 .OS46 
m0484 n o 0 5 7  .0485 
-0501 - 0 0 5 9  ,0501 
.0500 - 0 0 5 9  . O S 0 1  
-0502 ~ 0 0 5 9  .0502 
.0500 -0059 ,0502 
~ 0 4 9 7  .0059 a 0 5 0 1  
.OS90 e0059 .050 l  
.0484 .0059 .0501 
-0727 -0086 .072R 
.0727 -008b a0720 
no727 ,0086 -0727 
-0723 .0086 a0728 
-0704 s o 0 8 6  ,0727 
-0857 so101 ,0857 
-1671 ~ 0 1 9 7  a1671 
0.00u0 0.0000 O.OUOC 
0.0000 0.0000 0.0000 
O.WOO 0.0000 0.0000 
0.0090 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 
0.OOPO 0.0000 0.0000 
0.0000 0.0000 0.0000 
,0476 ,0051 .0477 
. O W 0  . O O Y t  .O48O 
,0477 moo51 a 0 4 7 8  
.0475 -0051 -0479 
- 0 4 5 6  .0051 .OS77 
-0713 ,0085 a0714 
-0719 SO086 a0719 
-0719 -0086 .Or19 
mO71b -0085 a0717 
,0706 -0084 -0709 
,0705 ,0084 .or11 
-0675 - 0 0 8 4  .0711 
-1214 a0143 ,1216 
~ 0 6 0 2  m0084 ,0712 
,1215 -014.9 ,1215 
.122O - 0 1 4 4  ,1221 
.1214 .d l44  .1222 
nl lT4 -0144 ~ 1 2 2 2  
a1529 -0180 a1529 
,0371 .oo++ ,0380 
78 
TABLE 46.- AERODYNAMIC  CHARACTERISTICS: IUA  AXISYMMETRIC  NOZZLE, 





















. 8 7  
.87 



















- 6 0  
.60 . bO 




- 6 0  
60 





















































































5 - 4 4  
5 . 5 3  
5-53 
9.07 



























5 . 4 3  
CAHALP  CL  CID-F) 
-.02 . 00 
-.01 


















- . 0 8  
-.02 
-.07 
- e 0 3  
" 0 3  
- e 0 3  
-.Ob 
-. 03 
- . O f  
-. 13 








e09 -. 08 " 0 5  
-.ll 




" 0 5  












































. a407  



















































- S O 4 2 6  















e1301 -. 1807 





e 0 7 0 5  -2535 
,0696 - 3 6 4 2  
.Ob70 a 6 4 5 7  
e0665 a8001 






-0641 - e 0 0 6 3  
,0662 e 0 7 4 6  
-0736  .lb07 
0761 - 2  566 
0757 -3697 
a0730 6481 
, 0 7 2 2  ,7969 
-0711 -e0891 
e0703 ,0749 
e 0 7 7 0  e1605 











- 0 8 8 3  ,8177 
-0557 -no785 
-0572 e 0 7 2 0  
-0635  -1512 
.or12 . 3 4 7 9  
.093b ,8239 
-0594 - e 0 7 8 8  
-0580 - e 0 0 0 8  
-0603  .07Cl 
a 0 6 6 5  ,1510 
-0710 -2473 




e 0 7 4 2  el520 
e 0 6 8 2  -0762 
e0812 ,3490 






















































e2814 - 0 5 3 8  











































































e 0 0 6 8  
.0068 
e0068 















































e 0 3 0 6  
0306 









































































































8 . O 1  
15 .00  
9.99 




10 .00  







15 .01  

















10 .01  
6.02 
19.18 
1 .99  
.02 






4 .01  
. O l  
9 .97  
5.99 














2 .41  









5 .42  
5 .43  
5.43 



















3 .01  




4 - 5 1  
4 .51  
4 .51  




" 0 3  
" 0 3  
-. 10 -.07 
14 
- . I 7  -. 30 -. 37 
-.07 
15 
-. 12 -. 05 -. 21 
.07 
.08 
-. 01 - 0 4  




- a  45 




-e  Ob 
" 0 6  
" 0 6  
-.Ob -. 07 
-.07 -. 07 -.OS 
-.08 -. 10 
-.08 
- 6 8  
.07 
-06  -. 12 -.08 -. 14 
- e  05 
.09 
-.11 
- . l 8  
-.21 
-.C8 
. 0 1  
-.a4 
A/B POWER SETTING, 6v = oo 
CL C ( 0 - F l  












e 8 3 3 6  -2369 




a 3 8 0 4  -a0043 





e 0 7 8 2  -no973 
,3812 -e0445 






e l 5 4 0  a0241 
e3466 -0637 
,6071 ,1598 
8190 e 2769 
-e0821 - .OS52 
e0742 -e0542 













,1636 - e l 6 8 4  
,3711 -e1275 
e8880 e0984 
e0819 - e 2 2 5 0  
CB  CLAERO 
-0598 -e0968 
,0566 -mol30 
- 0 5 8 1  e0701 





e 0 6 2 8  "0916 
e0675 -1575 





e 0 6 6 7  ,0744 
e0730 -1620 
-0756 -2597  
,0742 -3712 
- 0 7 1 4  e6522 
-0696 ,8208 
,0708 ,0758 
.or10  -.0887 
e0769 -1612 
e0779 ,3728 













- 0 9 1 6  -8294 
e0699 -3485 
-0602 -a0777 









-0698 e 0 7 5 7  
e0815 e3476 
e1035 e8345 
,0760 e 0 7 6 8  









-0192 - e 0 0 2 2  
,0259 ~ 0 0 1 7  
,0183 .0004 





















































































































e 0 0 8 6  
e0132 







































































































0 7  
.87  
.87  



















- 6 0  
60 
-60 
- 6 0  
-60  
6 0  
-60 
60 
- 6 0  









































































3 . 4 6  
3.45 
3 . 4 5  
3.45 
3.46  
3 . 4 9  
6.01 
6-01 




6 - 0 1  
6.01 

















2 . 0 8  
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TABLE 49.- AERODYNAMIC CHARACTERISTICS: IUM WEDGE NOZZLE,  AR = 4 ,  
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Canard  hinge  line 
Sting support + 
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Moment reference center 
WL 29.29 
FS 174.8 - 
FS 281.94 
Figure 1.- Sketch showing general arrangement of model and support system. 




Three-quarter rear view 
Three-quarter front view 
Figure 2.- Photographs showing overal l  view of model. 
84 
percent - 49.1 -44.4 (Nacelles removed) 
31.7 Canard  design - 
/ 21.4 
c - 16.4 Semispan, 
percent 













- WBL 0 
Figure 4.-  Sketch showing planform geometry of wing. A l l  dimensions i n  
centimeters unless otherwise noted. 
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Figure 5.- Sketch showing planform  geometry  of  canard. A l l  dimensions i n  
centimeters unless otherwise noted. 





(a) AR = 1. 
Figure 6.- Details of wedge nozzle configurations.  A l l  dimensions 
in  cent imeters  unless otherwise noted. 
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L IS. 78 
A I B  wuer configurations. A e l A l  - 1.50 
1 
L" Note: Nozzle width 15.36 
(b) AR = 4. 
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(c) Wedge details. 
Figure 6.- Continued. 
L-80-1288 
A R  = 1 
L-79-5472 
A R = 4  
(d) Photographs. 
Figure 6.- Concluded. 





Note: Nozzle width 7.68 crn 
(a) A/B nozzle power setting  configurations. 
Figure 7.- Details of 2-D C-D nozzle configurations. All dimensions 
in centimeters unless otherwise noted. 
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(b) Nozzle details. 
Figure 7.- Concluded. 
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Note: Nozzle width 15.36 cm 
(b) AR = 4.  
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(c) Nozzle in t e rna l   o rd ina te s  for AR = 1. (Divide by 2 for 
AR = 4 ord ina tes . )  
Figure 8.- Continued. 
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r Instrumentation-nozzle interface FS 228.31, WL 22.58) FF-4 I 
+- 
- 1 . 9 8 4  f 
1- b 4 . 2 6 4  -" 
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A/B power 
Figure 9.- Details of axisymmetric nozzle model geometry. 
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Low boattail angles 
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Common connect  station _1 
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Sized to house engine 
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Exit  location  variation 
Common instrumentation 




Low aspect ratio 
Outboard underwing(0UM 
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Low aspect ratio 
1 nboard  underwing( I UM 1 
Forward exit location( I UF) 
Thrust balance 
installation 
Mid  exit  location ( I UM 1 
Aft  exit  location ( I UA 1 
High aspect ratio 
I nboard  'underwing( I UM 1 
High aspect ratio 
I nboard  overwing( IOM) 
Baseline nacelle installation indicated by cross hatching 
Figure 11.- Nacelle-nozzle integration options.  
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6 . 5 O A  Model  center line 
” 
View A--A. FS 
WL 26.87 
16.48 
225.31 FS 25.- 
Instrumentation-nozzle interface ( F S  220.78. WL 22.88) 
Wing upper  surface 
FS 248.36 
Choke plate and screens 
Total-pressure  rake 
Figure 12.-  Nacelle-nozzle installation for low-aspect-ratio I U M  wedge nozzle 
with nozzle thrust strain-gage balance and transition-instrumentation 
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Figure 13.- Nacelle-nozzle  installation  for  high-aspect-ratio IUM wedge nozzle 
with nozzle  thrust  strain-gage  balance  and  transition-instrumentation 
section. All dimensions in centimeters  unless  otherwise noted. 




2.7Ph '+- Model center line 
View A--A, FS 221.48 
Transition-instrumentation section 
Figure 14.- Nacelle-nozzle  installation for low-aspect-ratio OUM wedge nozzle. 




A R  = 4, IUM L-79-5473 
AR = 1, IUM 
- . 
L-80-565 
AR = 1, OUM L-80-1286 
Figure 15.- Photographs showing various wedge nozzle i n s t a l l a t i o n s .  
104 
Model center line7 
I WBL 0 
WBL 16.48 
FS 225.37 FS 237.69 
WL 20.75 Wing upper surface 
Transition-instrumentation  section Total-pressurerake WL 27.35 
Choke plate and screens 
Note: Center line of instrumentation section 4.1P with respect o water line Plane 
Figure 16.- Nacel le-nozzle  instal la t ion for  low-aspect-ratio I U M  2-D C-D nozzle. 
All dimensions in  cent imeters  unless otherwise noted. 
Mid nozzle exlt locatlm 
Instrumentation-nozzle InterfacelFS 228.30. WL 20.471  
Aft nozzle exit location w 
16.19 
Figure 17.- Sketch showing the var ious 2-D C-D nozz le  ex i t  l oca t ions  for inboard underwing nacelle. 
All dimensions in centimeters unless otherwise noted. 
Forward exit, three-quarter  fron  L-80-1228 
A f t  exit,  thre -quarter  front L-80-1222 
Aft  exit,  rear below L-80-1223 
Figure 18.- Photographs showing 2-D C-D nozzle e x i t  v a r i a t i o n .  
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Model center line 
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Choke plate and screens _I LTotal-pressure rake 
Figure 19.- Nacelle-nozzle installation for low-aspect-ratio I U M  SERN. 
A l l  dimensions in centimeters unless otherwise noted. 
Choke plate and screens 
Figure 20.- Nacelle-nozzle installation for high-aspect-ratio I U M  SERN. 
All dimensions in centimeters unless otherwise noted. 
Model center line 
WBL 15.88 
View at FS 223.21 
Wing upper surface 
Instrumentation-nozzle  interface (FS 22321, WL 29.361 
Figure 21.- Nacel le-nozzle  instal la t ion for  high-aspect-rat io  IOM SERN. 
A l l  dimensions in centimeters unless otherwise noted. 
I UM L-79-5311 
I OM L-80-1290 
I OM L-80-1291 
Figure 22.- Photographs  showing  various SERN i n s t a l l a t i o n s .  AR = 4.  
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Wing upper surface I nstrurnentation-nozzle interface ( F S  228.31, W 7 
Transition-instrumentation section 2 
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' Total-pressure rake 
Figure 23.- Nacelle-nozzle installations for I U A  ax isymetr ic  nozz le .  
A l l  dimensions i n  centimeters unless otherwise noted. 
Three-quarter  front L-80-1213 
Rear L-80-1212 
Rear below L-80-1214 








Figure 25.- Sketch  showing  body  arrangement  and  internal-flow  hardware. 










Figure 26.- s t a t i c  performance character is t ics  for  the I U M  wedge nozzle 
with  dry power s e t t i n g .  6 = Oo; M = 0 .  
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F,igure 27.- S t a t i c  performance character is t ics  €or  the I U M  wedge 
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(a) Thrus t  r a t io .  
Figure 28.- S ta t ic  reverser  per formance  charac te r i s t ics  for  the  I U M  wedge 
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NPR 
(b) D i s c h a r g e  c o e f f i c i e n t ,  j e t - l i f t  c o e f f i c i e n t ,  and turn ing  angle .  
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Figure 29.- S t a t i c  performance c h a r a c t e r i s t i c s  for the  
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Figure 30.- S t a t i c  performance character is t ics  for  the I U M  SERN 
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Figure 31.- Static  performance  characteristics  for the 
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Figure 32.- Comparison of unvectored-nozzle  static  performance for  AR = 1. 
BV = Oo; M = 0 .  
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Figure 33.-  Comparison of vectored-nozzle performance with 
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Figure 34.- Effects of sidewalls on wedge reverser static performance. 
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(b) M = 0.80, canard off. 
Figure 35. -  Continued. 
-4 0 4 8 12 -.04 0 .04 .08 .12 .16 -.04 0 .04 .08 * 12 
0, deg CD cnl 
(c) M = 0.85, canard o f f .  
Figure 35.- Continued. 
CD 
(dl M = 0.87. 
Figure 35.- Continued. 
-4 0 4 8 12 -.04 0 .04 .08 .12 -.08 -.M 0 .04 .08 .I2 
a. deg CD cm 
(e) M = 0.90, canard o f f .  





(f) M = 0.92,  canard   o f f .  
Figure 35.- Continued. 
.. 
-4 0 4 8 12 -.04 0 .04 .08 .I2 .I6 -.04 0 .04 .08 .12 
0, deg CO cm 
(9) M = 0.95, canard off. 
Figure  35 .- Continued I 
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(h) M = 1.20. 
Figure 35.- Concluded. 
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Figure 36 .- Comparison of experimental 
0 .04 .08 .12 .16 
cD 
and theo re t i ca l  wing-body-canard 
aerodynamic cha rac t e r i s t i c s  fo r  nace l l e s  o f f .  M = 0.60; 6c- = Oo. 
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Figure 37.- Component ze ro - l i f t  d rag  cha rac t e r i s t i c s .  6c = 0 0 . 
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-4 0 4 a 0 .M .08 .I2 .16 .20 .24 
a, deg 
C(D-R 
(a) bv = o . 
Figure 38.- Effects  of nozzle type on t o t a l  aerodynamic charac te r i s t ics .  IUM; AR = 1; A/B power 
se t t ing ;  6 C = Oo; M = 0.60; NPR = 3.0. 
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(b) 6v = 15O. 
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-4 0 4 8 12 16 -.08 -. 04 0 .04 .08 .12 .16 .20 .24 
a, deg ‘(D-F) 
(c) 6, = 30 . 0 
Figure 38.- Concluded. 
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-4 0 4 8 12 16 -.08 -.M 0 .04 .08 . I2  .16 .20 .24 
a. deg D-F) 
(b) gV = 15 . 0 
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a, deg 5D-n 
(c )  6, = 30 0 . 
Figure 39.- Concluded. 
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-4 0 4 a 12 0 .04 . oa .12 .16 .20  .24 
a, deg 
'( D -F) 
(b) 6v = 15 . 0 
Figure 40.- Continued. 
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-4 0 4 8 12  16  20 -. 04 0 .04 .08 .12  .16  .20  .24 
0, deg ?D-F) 
(c) 6, = 30 . 0 
Figure 40.- Concluded. 
I r P 
W 
cD 
(a) 6, = oO; NPR = 1.0. 
Figure 41.- Effec ts  of nozzle type on thrust-removed aerodynamic characteristics. IUM; 
AR = 1; A/B power s e t t i n g ;  6 = Oo; M = 0.60. 
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-4 0 4 8 0 .CQ .M .06 .08 .IO .L? .I4 .16 .I8 .20 .Z .24 .26 .28 
0. deg 
cO 
(b) 6v = Oo; NPR = 3.0. 
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( c )  6, = 1 5 O ;  NPR = 3.0. 
Figure 41.- Continued. 
(d) 6, = 30 ; NPR = 3.0. 
Figure 41.- Concluded. 
0 
cD 
(a) 6v = 0'; NPR = 1.0. 
Figure 42.- Effects of nozzle type on thrust-removed aerodynamic characteristics. IUM; 
AR = 1; A/B power s e t t i n g ;  6, = Oo; M = 0.87.  
(b) 6v = Oo;  NPR = 3.9. 
Figure 42.- Continued. 
.- 
-4 0 4 8 0 .a? .M .M .08 .10 .12 .14  .16 .18 ,20 .22 .24 .26 .28 . M .32 
a, deg 
cD 
(C) 6v = 15 ; NPR = 3.9. 
Figure 42.- Continued. 
0 
..a 
(d) 6v = 30°; NPR = 1.0. 
Figure 42.-  Continued. 
( e )  6v = 30°; NPR = 3.9. 










(b) 6v = O o ;  NPR = 6.6. 
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-4 0 4 8 0 .02 .M .08 .10 .12 .14  .16 .18 .20 .22 .24 
a, deg cO 
(c)  6v = 15O; NPR = 6.6. 
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(a) M = 0.60. 
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Figure 44.- Effects of nozzle type on thrust-removed aerodynamic characteristics. IUM; 
AR = 1; A/B power se t t i ng ;  6 = oo; 6 = oo; a = 4 . 0 
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(b) M = 0.87 .  
Figure 44. - Continued. 
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(c) M = 1-20. 
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(b) M = 0.87. 
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(c) M = 1.20. 
Figure  45.- Concluded. 
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Figure  46.- E f f e c t s  o f  nozzle type  on  thrust-removed  aerodynamic  character is t ics .  I U M ;  
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(b) M = 0 .87 .  
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(c) M = 1.20. 
Figure 46. - Concluded. 
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-4 0 4 8 12  16 -.08 -.04 0 .04 .08 .12 .16 .20 .24 
a, deg ‘(D-F) 
(a) M = 0.60; NPR = 3.0. 
Figure 47.-  Effects of nozzle type on t o t a l  aerodynamic cha rac t e r i s t i c s .  Dashed curve indicates 
in te rpola ted  da ta .  IUA;  AR = 1; dry power s e t t i n g ;  6, = 0 0 ; 6, = 0 0 . 
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-4 0 4 8 12 16 20 -.04 0 .04 .08 .12  .16  .20  .24 
0, deg C( D -F) 
(b) M = 0.87;  NPR = 3.9. 
Figure 47.- Concluded. 
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(a) M = 0.60; NPR = 3.0. 
Figure 48.- Effects of nozzle type on t o t a l  aerodynamic character is t ics .  
IUA; AR = 1; A/B power set t ing;  6, = Oo; &c = Oo. 
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(b) M = 0 . 8 7 ;  NPR = 3.9. 
Figure 48.- Continued. 
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-4 0 4 8 12  16 -.08 -.a 0 .04 .08 .12 .16 .20 .24 
a, deg C(D-tl  
( C )  M = 1.20; NPR = 6.6. 
Figure 48. - Concluded. 
I 
(a) NPR = 1.0. 
Figure 49.- Effects of nozzle type on thrust-removed aerodynamic characteristics. IUA; 
AR = 1; dry power setting; 6 = Oo; 6 = Oo; M = 0.60. 
V C 
% 
(b) NPR = 3.0. 
Figure 49.- Concluded. 
Figure 50 .- Effects of 
AR = 1; 
(a) NPR = 1.0. 
nozzle type on thrust-removed aerodynamic characteristics. IUA; 
dry power setting; 6v = 0'; 6 = Oo; M = 0.87. 
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(b) NPR = 3.9. 
Figure 50.- Concluded. 
-4 0 4 8 0 .02 .04 . 0 6  .08 . l o  .12 
a. deg 
(a)  NPR = 1.0.  
Figure 51.- Ef fec ts  of nozzle type on thrust-removed 
AR = 1; A/B power s e t t i n g ;  6 V = oO; 
,14 .16 .18 .20  .22 .24 .26 .28 
aerodynamic c h a r a c t e r i s t i c s .  IUA; 
0 6, = 0 ; M = 0.60. 
-4 0 4 8 0 .02 .04 .06 .08 .10 .12 .14 .16 .18 .20 .22 .24 .26 .28 .M 
a, deg cD 
(b) NPR = 3 . 0 .  
Figure 51.- Concluded. 
Figure 52.- Effects  of nozzle type on thrust-removed  aerodynamic charac te r i s t ics ;  IUA; 
AR = 1; A/B power se t t i ng ;  6 = Oo;  6 = Oo; M = 0.87. 
V C 
-4 0 4 a 0 .02 .04 .06 .08 .10 .12 .14 .16 .I8 .20 .22 .24  .26 .28 .30 
a, deg cD 
(b) NPR = 3.9. 
Figure 52.- Concluded. 
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Figure 53.- Ef fec ts  of nozzle type on thrust-removed aerodynamic characteristics. IUA; 
AR = 1; A/B power s e t t i n g ;  6v = oO; 6c = oO; M = 1.20. 
cD 
(b) NPR = 6.6. 
Figure 53.- Concluded. 
-. 1 
-4 0 4 8 12 -. 12 -.08 -.04 0 .04 .16 .20 .24 .08 .12 
a, deg '(0-F) 
(a) 6v = 0 . 0 
Figure 54.- Effects  of  nozzle  aspect r a t i o  on t o t a l  aerodynamic c h a r a c t e r i s t i c s  f o r  IUM wedge 
nozzle. A/B power s e t t i n g ;  6 C = Oo;  M = 0.60;  NPR = 3 .O. 
-. I 
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Figure 54.-  Concluded. 
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Figure 55.- Concluded. 
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Figure 56.- Effects  of nozzle aspect ratio on t o t a l  aerodynamic cha rac t e r i s t i c s  fo r  I U M  wedge 
nozzle. A/B power se t t i ng ;  6 = Oo; M = 1.20; NPR = 6.6. 
C 
Figure 56.- Concluded. 
Figure 57.- Effects  of  nozzle  aspect  ra t io  on thrust-removed aerodynamic character is t ics  
f o r  I U M  wedge nozzle. A/B power s e t t i n g ;  6 C = Oo; M = 0.60 .  
cD 
(a) 6 = oo; NPR = 1.0. 
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(b) 6, = Oo; NPR = 3.0. 
Figure 57.- Continued. 
CL, a 
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( c )  6v = 15O; NPR = 3.0. 
Figure 57.- concluded. 
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(a) 6v = o0; NPR = 1.0. 
Figure 58.- E f f e c t s  of nozz le  aspec t  ra t io  on  thrus t - removed aerodynamic  charac te r i s t ics  
for I U M  wedge nozzle.  A/B power s e t t i n g ;  bc = Oo;  M = 0.87. 
-4 0 4 8 0 . U2 .M .06 .OB .10 . 12 .14 .16 .lB .20 .22 .24 .26 .28 . M 
a, deg cD 
(b) 6, = O o ;  NPR = 3.9. 
Figure 58.- Continued. 
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Figure 59.- Ef fec ts  of nozz le  aspec t  ra t io  on thrust-removed aerodynamic characteristics 
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Figure 59.- Continued. 
cD 
(c )  6, = 15O; NPR = 6.6. 


















(a) M = 0.60. 
Figure 60.- Ef fec ts  of nozzle aspect ratio on thrust-removed aerodynamic characteristics for IUM 
wedge nozzle. A/B power s e t t i n g ;  6v = Oo; gC = Oo; c1 = 4 0 . 
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(b) M = 0.87. 
Figure 60.- Continued. 
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(c) M = 1.20. 
Figure 60.- Concluded. 
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(a)  M = 0.60. 
Figure 61.- Effects  of nozzle aspect ratio on thrust-removed aerodynamic charac te r i s t ics  for I U M  
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(b) M = 0.87. 
Figure 61.- Continued. 
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(c) M = 1.20. 
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Figure 63.- Concluded. 
Figure 64.- Effects of nozzle aspect ratio on total aerodynamic characteristics for IUM SERN. 
A/B power setting; 6 = Oo; M = 1.20; NPR = 6.6. 
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Figure 64 .- Concluded. 
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Figure 65.- Ef fec ts  of nozzle  aspect  ra t io  on thrust-removed aerodynamic c h a r a c t e r i s t i c s  
for IUM SERN. A/B power s e t t i n g ;  6 = 0 ; M = 0.60. 0 
C 
(b) 6v = Oo; NPR = 3.0. 
Figure 65.- Continued. 
! 
cL. a 
(c) dv = 15  ; NPR = 3.0. 
Figure 65.- Concluded. 
0 
(a) bV = 0 ; NPR = 1.0. 
Figure 66.- Effects of nozzle aspect r a t io  on thrust-removed aerodynamic characterist ics 
for I U M  SERN. A/B power set t ing;  bc = 0 ; M = 0.87. 
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(b) gV = Oo; NPR = 3 . 9 .  
Figure 66.- Continued. 
cD 
(c) 6, = 1 5 O ;  NPR = 3.9.  






. 4  
. 3  




-4 0 4 8 0 .02 .04 .06 .08  .1   .12 .14 .16 .18 .20 .22 .24 
01, deg cD 
0 
(c) BV = 15 ; NPR = 6.6. 
















0 2 4 6 8 
NPR 
(a) M = 0.60. 
Figure 68.- Effects of nozzle aspect r a t io  on thrust-removed aerodynamic characteristics for 
IUM SERN. A/B power sett ing; 6v = oO; 6, = o ; a = 4 . 0 0 
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Figure 68. - Concluded. 
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Figure 69.- Effects of nozzle aspect ratio on thrust-removed aerodynamic charac te r i s t ics  for  
I U M  SERN. A/B power s e t t i n g ;  6v = 1 5 O ;  dC  = 0 0 ; a = 4 0 . 
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(c) M = 1.20 .  
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Figure 71.- Effects of nozzle vertical location on t o t a l  aerodynamic character is t ics  for  I * M  SEW. 
Dashed curves indicate interpolated data. AR = 4 ;  A/B power set t ing;  fiC = Oo; M = 0.87 ;  







. 7  
.6 
.5 
. 4  
. 3  
. 2  
.1 
0 
- 1  .a 
-4 0 4 8 12 16 -.08 -.04 0 .04 .08 .12 .16 .20 .24 
a, deg C( D - F )  
0 (b) 6, = 15 . 








. 4  
. 3  
. 2  
-4 0 4 a 12 16 -.oa -.04 0 .04 .08 .12  .16 .20 .24 . 2a .32 
a, deg C( D -FI 
0 (c) 6, = 30 . 
Figure 71.- Concluded. 
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Figure 72.- Effects of nozzle vertical location on total aerodynamic characteristics for  I*M SERN. 
Dashed curves indicate interpolated data. AR = 4; A/B power setting; 6, = Oo;  M = 1.20 ; 
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(a )  6 = oo;  NPR = 1.0. 
V 
Figure 7 3 . -  Effects  of  nozzle  ver t ical  locat ion on thrust-removed aerodynamic cha rac t e r i s t i c s  fo r  I*M SERN. 
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(d) 6, = 30°; NPR = 3.0. 
Figure 73.- Concluded. 
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(a) 6v = oo; NPR = 1.0. 
Figure 74.- Ef fec ts  of nozzle  ver t ica l  loca t ion  on thrust-removed aerodynamic characterist ics for 
I*M SERN. Dashed curves   ind ica te   in te rpola ted  data. AR = 4; A/B power s e t t i n g ;  6, = Oo; 
M = 0.87. 
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(b) d V  = O o ;  NPR = 3 . 9 .  
Figure 74.- Continued. 
(c) 6v = 1 5 O ;  NPR = 3.9. 
F igu re  74.- Continued. 
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Figure 74.- Concluded. 
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Figure 75.- Ef fec ts  of nozz le  ver t ica l  loca t ion  on thrust-removed aerodynamic characteristics for 
I * M  SERN. Dashed curves  indicate   interpolated  data .  AR = 4;  A/B p o w e r  s e t t i n g ;  A C  = Oo; 
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Figure 75.- Continued. 
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( c )  6, = 15 ; NPR = 6.6. 0 
Figure 75.- Concluded. 
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Figure 76.- Concluded. 
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(b) bv = 15O. 
Figure  77.- Continued. 
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Figure  78.- Effects of nozzle aspect ra t io  a n d  v e r t i c a l  l o c a t i o n  on thrust-removed aerodynamic 
c h a r a c t e r i s t i c s  for I * M  SERN. A/B power s e t t i n g ;  6 = Oo; M = 1.20; a = 4 0 . 
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(a) M = 0.60;  NPR = 3.0. 
Figure 86.- Effects of thrust-vectoring angle on t o t a l  aerodynamic character is t ics  
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(b) M = 0.87;  NPR = 3.9. 






(a) M = 0.60 ;  NPR = 3.0. 
Figure 87.- Effects of thrust-vectoring angle on thrust-removed aerodynamic characteristics 
for IUM SEW. AR = 1; A/B power setting; 8, = 0 . 0 
cD 
(b) M = 0.87 ;  NPR = 3.9. 
Figure 87.- Continued. 
a 
CD 
( c )  M = 1.20; NPR =- 6.6. 
Figure 87.- Concluded. 
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Figure 88.- E f f e c t s  of thrust-vector ing angle  on thrust-removed aerodynamic character is t ics  
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Figure 89.- Effects of thrust-vectoring  angle on thrust-removed aerodynamic  characteristics 
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Figure 89.- Continued. 
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Figure 89.- Concluded. 
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Figure 90.- Effects  of  thrust-vector ing angle  on thrust-removed aerodynamic c h a r a c t e r i s t i c s  
f o r  IUM SERN. AR = 1; A/B power s e t t i n g ;  &c = oO; M = 1.20. 
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(a) M = 0.60; NPR = 3.0. 
Figure 91.- Ef fec ts  of  th rus t -vec tor ing  angle  on t o t a l  aerodynamic c h a r a c t e r i s t i c s  
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Figure 91 .- Concluded. 
(a) M = 0.60; NPR = 3.0.  
Figure 92.- Effects  of  thrust-vector ing angle  on thrust-removed aerodynamic character is t ics  
for IUM SEW. AR = 4; A/B power s e t t i n g ;  6c = o . 0 
CD 
(b) M = 0.87 ;  NPR = 3.9. 
Figure 92.- Continued. 
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Figure 93.- E f fec t s  of thrust-vectoring angle on thrust-removed aerodynamic characteristics 
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Figure 93.- Continued. 
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Figure 94.- Effects of thrus t -vec tor ing  angle  on thrust-removed aerodynamic character is t ics  
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Figure 95.- Effects  of  thrust-vector ing angle  on thrust-removed aerodynamic characteristics 
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(a) M = 0.60 ;  NPR = 3.1. 
Figure 96.- Effects of thrust-vectoring angle on to ta l  aerodynamic characterist ics 
for IOM SERN. AR = 4;  A/B power set t ing;  6 = 0 0 . 
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0, deg 
(b) M = 0.87; NPR = 4.1. 
Figure 96.- Continued. 
%R 
( C )  M = 1.20; NPR = 6.9. 
Figure 96.- Concluded. 
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(a) M = 0.60; NPR = 3.1. 
Figure 97.- Effects of thrust-vectoring angle on thrust-removed aerodynamic character is t ics  
for  IOM SEW. AR = 4; A/B power set t ing;  6 = oO. 
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cD 
(b) M = 0.87; NPR = 4.1. 
Figure 97.- Continued. 
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(c) M = 1.20; NPR = 6.9. 







(a) a = 0 . 0 
Figure 98. - Effec ts  of thrust-vector ing  angle  on thrus  t-removed aerodynamic c h a r a c t e r i s   t i c s  
f o r  IOM SERN. AR = 4; A/B power s e t t i n g ;  gC = 0 0 ; M = 0.60. 
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Figure 98.- Concluded. 
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Figure 99.- E f fec t s  of thrust-vector ing angle  on thrust-removed aerodynamic characteristics 
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Figure 99.- Continued. 
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Figure 100.- Effects of thrust-vectoring angle on thrust-removed aerodynamic character is t ics  
for  IOM SERN. AR = 4; A/B power se t t ing ;  6 = 0 0 ; M = 1.20. 
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(f) M = 1.20; cx = 10 . 
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Figure 102.- Effects of nozzle exit location on incremental thrust-induced 
aerodynamic character is t ics  for  IU* 2-D C-D nozzle. Symbols  do not 
represent data p o i n t s ;  dashed curves represent extrapolated data. 
AR = 1; A/B power se t t ing ;  6, = 15 ; 6, = Oo. 0 
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Figure 102.- Concluded. 
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Figure 103.- Effects of nozzle aspect r a t i o  and exit  vertical  location 
on incremental thrust-induced aerodynamic characterist ics €or I * M  
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Figure 103.- Concluded. 
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Figure 104.- Nozzle f l a p  incremental aerodynamic 
lift and drag. A/B power setting; 6v = 30°; 
6, = Oo; NPR = 1.0; c1 = 0 . 0 
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F igure  105.- Effects of t h r u s t  v e c t o r i n g  o n  d r a g - d u e - t o - l i f t  c h a r a c t e r i s t i c s  f o r  
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(b) M = 0.87. 
Figure  105.- Continued. 
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Figure 106.- Effects of nozzle  type on drag-due-to-lift  characteristics. 
IUM; AR = 1; A/B power  setting; 6, = 0 . 0 
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Figure 107.- Effects of nozzle aspect ratio and exi t  ver t ical  locat ion 
on drag-due-to-lift characteristics for I * M  SERN. A/B power 
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Figure 108.- Vehicle force diagram. 
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Figure 109.- E f fec t s  of thrust-vector ing angle  on trimmed je t -on polars  
f o r  I U M  2-D C-D nozzle. AR = 1; A/B power s e t t i n g ;  M = 0.87; 
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Figure 110.- Effects  of  thrust-vector ing angle  on canard angle  
r e q u i r e d  f o r  t r i m  and trimmed drag increments for I U M  
2-D C-D nozzle. AR = 1; A/B power s e t t i n g ;  M = 0.87; 
NPR = 3.9. 
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Figure 111.- Effects of nozzle  type on trimmed  jet-on polars. 
IUM; AR = 1; A/B power setting; 6, = 15O; M = 0.87; 
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Figure 112.- Effects of nozz le  type ,  ex i t  location, and thrust-vector ing 
angle  on  trimmed jet-on  polars.  IU*; AR = 1; A/B power s e t t i n g ;  
M = 0.87; NPR = 3.9. 
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Figure 113.- Effects of nozzle aspect ratio and exit  vertical  location 
on trimmed jet-on polars for I * M  SERN. A/B power se t t ing ;  M = 0.87; 
NPR = 3.9 .  
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(a) M = 0.60; NPR = 3.2. 
Figure  114.- Effects of t h r u s t  reverser on t o t a l  ae rodynamic  cha rac t e r i s t i c s  for I U M  wedge 
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(b) M = 0 .87 ;  NPR = 5.7. 
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(a) M = 0.60; NPR = 1.0. 
Figure 115.- Effects of t h r u s t  r e v e r s e r  on thrust-removed aerodynamic characteristics for I U M  wedge 
nozzle. AR = 4;  dry power s e t t i n g ;  6 = Oo; 6 = Oo. 
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(b) M = 0.60 ;  NPR = 3.2. 
Figure 115 .- Continued. 
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(d) M = 0.87; NPR = 5.7.  
Figure 115.- Concluded. 
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